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History Timeline
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Capacity Development

Number of Graduates
]

Engineering Postgraduates
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Capacity Development
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Number of Graduates
]

Bioresource Systems Postgraduates
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Where are the Graduates?
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Evolving Research Fields
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Evolving Research Fields
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Contents

“Fuel Crisis”

Sasol Diesel

Costs of Ag Production
Soil Compaction
Post-harvest deterioration



Liquid Fuel

Daily fuel rationing
from 6 pm. to 6 am

Weekend restrictions
Reduction in the

speed limit to 80
km/h

1970’s Fuel crisis

12

10

US% [/ barrel
[=3]

Qil price (WTI, inflation-adjusted)

1973 oil
embargo
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Alternative Fuels Research

* UKZN focus on Ethanol for Diesel

* Ag Eng Collaboration with
* MB (Germany)
* Perkins (UK)




Tractors running on Ethanol

-

Combustion expertise
* Fuel Burning Process
* Engine Durability




Sasol Diesel

Durability test rigs

Altitude simulator




Agricultural Production
Costs

* Machine efficiency
* Supply Chains

* Vehicle Scheduling



Optimising Supply Chains in Sugarcane

Mill ownership
Long Tevim Value adding opportunities

Sustainability
lllovo leadership 20‘13:"8 supply area shrinkage

- Financial Constraints
Cane Supply | - Bl nd reform
LogisticsI : :

e "‘ Use plans
Underloading
pping height
Agronomic

Legal cutters

i change waling queues

ltans buk danm/

soiin harvested cans

harvesting consistency
weather

time of week

seasonaliy
tiash sucrose

D Transport issues
[] Cane bulk density influences
[] Weather and harvesting time influences

Figure 24 A cause-and-effect network of the factors that impact on cane flow consistency




Vehicle Scheduling

Vehicle queues reduced to
almost zero

Vehicles from 70 to 25

Reliability of cane supply, no-
cane stops from 600 hto 150 h

National
Gold
Logistics

Award



Compliance in transport systems

Road Traffic Management
System. (RTMS)

396 Depots

> 17000 Vehicles
Logistics

Performance Based
Standards (PBS)

2000 Vehicles
600 M km

20% improvement in
metrics




Traffic Induced Compaction and Yield decline

Sugarcane yield response to inter-row and row
traffic

joisture condit
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Yield (as a % of
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Traffic position




Harvest to crush delay

Respiration (nmol/g/s)
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Conversion of Sugars to CO, and water
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Temperature (°C)

Respiration (nmol/g/s)

Conversion of Sugars to CO2 and water

0.0197718117

0.0403679447
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0.1051307989

0.1856549608

0.3656372926

0.5662903367



Data

		Respiration measurements - sugarcane culm harvested 11/1/2005

				Cuvettes 1-6 = Set to 4 °C overnight																																																																																																								Assumption

				Cuvettes step up in temperature at roughy 1 h intervals																																																																																																		C6H12O6 + 6 O2 -> 6 CO2 + 6 H2O						Internode 11		15% sugar

				Temperature measured by embedding a thermometer in a cane stalk																																																																																																								1 g FW =		0.15

																																																																														nmol CO2/g/s						Log												mg CO2/g/d						mg C6H12O6/g/d						mg  C6H12O6/g sugar/d

										Cuvette																				Summary (nmol/g FW/s)														Log														Q10																																						30°C						30°C						30°C

		Date		Time		Hours		Measure		1		2		3		4		5		6						Ref				1		2		3		4		5		6				1		2		3		4		5		6				Av T		1		2		3		4		5		6				Date		Time		Average		SE				Average		SE										Average		SE				Average		SE				Average		SE

		11/1/2005		17:15				FR		148		152		145		146		143		142										0.06		0.06		0.08		0.04		0.04		0.04				-1.20		-1.23		-1.12		-1.35		-1.37		-1.38																				11/1/2005		17:15		0.05		0.01				-1.28		0.04										0.21		0.02				0.14		0.01				0.02		0.00

		4						Delta CO2		28		33		41		27		28		29						216

		12/1/2005		14:00				FR		145		152		143		144		144		143										0.02		0.02		0.03		0.02		0.02		0.01				-1.66		-1.71		-1.53		-1.74		-1.81		-1.84																				12/1/2005		14:00		0.02		0.00				-1.72		0.05										0.08		0.01				0.05		0.01				0.01		0.00

		5		11				Delta CO2		10		11		16		11		10		10						226

		12/1/2005		15:00				FR		144		149		143		143		144		143										0.05		0.04		0.06		0.03		0.03		0.03				-1.30		-1.40		-1.23		-1.53		-1.47		-1.52				9.5		2.54		2.28		2.22		1.81		2.44		2.33				12/1/2005		15:00		0.04		0.00				-1.41		0.05				2.27		0.10				0.15		0.02				0.10		0.01				0.02		0.00

		14		10.5				Delta CO2		23		23		32		18		22		21						206

		12/1/2005		16:00				FR		145		154		144		145		145		143										0.07		0.07		0.10		0.05		0.05		0.05				-1.15		-1.14		-0.99		-1.34		-1.29		-1.34				16		2.46		2.83		2.66		1.97		2.56		2.46				12/1/2005		16:00		0.06		0.01				-1.21		0.06				2.49		0.12				0.25		0.03				0.17		0.02				0.03		0.00

		18		10.5				Delta CO2		32		40		55		28		33		32						228

		12/1/2005		9:20				FR		147		154		142		145		143		142										0.11		0.11		0.18		0.07		0.09		0.07				-0.96		-0.97		-0.74		-1.14		-1.06		-1.15				20.5		2.82		3.07		3.41		2.24		3.14		2.76				12/1/2005		9:20		0.11		0.02				-1.00		0.06				2.91		0.17				0.40		0.06				0.27		0.04				0.04		0.01

		23		10.5				Delta CO2		50		60		99		44		57		50						227

		12/1/2005		16:30				FR		145		154		144		147		144		143										0.19		0.20		0.32		0.13		0.15		0.13				-0.73		-0.70		-0.50		-0.88		-0.82		-0.90				26.5		3.44		4.13		4.28		2.90		3.96		3.52				12/1/2005		16:30		0.19		0.03				-0.75		0.06				3.70		0.21				0.71		0.11				0.48		0.07				0.07		0.01

		30		10.5				Delta CO2		86		112		170		78		99		88						228

		12/1/2005		21:30				FR		144		156		145		147		144		144										0.42		0.36		0.51		0.37		0.28		0.25				-0.38		-0.44		-0.29		-0.43		-0.55		-0.60				32.5		6.36		6.22		5.77		6.81		6.13		5.84				12/1/2005		21:30		0.37		0.04				-0.45		0.05				6.19		0.15				1.39		0.14				0.95		0.10				0.14		0.01

		35		10.5				Delta CO2		192		200		273		220		184		174						228

		12/1/2005		8:45				FR		148		160		146		148		144		145										0.75		0.57		0.65		0.55		0.43		0.45				-0.13		-0.25		-0.19		-0.26		-0.36		-0.35				37.5		9.77		8.28		6.33		8.68		8.06		8.95				12/1/2005		8:45		0.57		0.05				-0.25		0.04				8.34		0.47				2.15		0.19				1.47		0.13				0.22		0.02

		40		10				Delta CO2		335		303		347		325		282		309						230

										Weight

		Date						Day		1		2		3		4		5		6		Average		SE

		11/1/2005						0		42.8		55.2		50.2		56.8		60.5		64.2		51.23		3.11





Summary

		Summary

						nmol CO2/g/s						Log				Q10				mg CO2/g/d				mg C6H12O6/g/d				mg  C6H12O6/g sugar/d

																				30°C				30°C				30°C

				Temperature		Average		SE		1/T (x1000)		Average		SE		Average		SE		Average		SE		Average		SE		Average		SE

				4.00		0.05		0.01		3.61		-1.28		0.04						0.207		0.022		0.14		0.01		0.02		0.00

				5.00		0.02		0.00		3.60		-1.72		0.05						0.075		0.008		0.05		0.01		0.01		0.00

				14.00		0.04		0.00		3.48		-1.41		0.05		2.27		0.10		0.153		0.018		0.10		0.01		0.02		0.00

				18.00		0.06		0.01		3.44		-1.21		0.06		2.49		0.12		0.245		0.034		0.17		0.02		0.03		0.00

				23.00		0.11		0.02		3.38		-1.00		0.06		2.91		0.17		0.400		0.063		0.27		0.04		0.04		0.01

				30.00		0.19		0.03		3.30		-0.75		0.06		3.70		0.21		0.706		0.109		0.48		0.07		0.07		0.01

				35.00		0.37		0.04		3.25		-0.45		0.05		6.19		0.15		1.390		0.144		0.95		0.10		0.14		0.01

				40.00		0.57		0.05		3.19		-0.25		0.04		8.34		0.47		2.153		0.186		1.47		0.13		0.22		0.02





Summary

		



Average

Temperature (°C)
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Hydrological Research...1975-2025: A Personal Journey

Phase 1: From Measuring to the Beginning of
Modelling to the Birth of Hydrology asa
Discipline

HYDROLOGICAL RESPONSES AND WATER RESOURCES

MODELLING IMPACTS OF LAND USE AND CLIMATE CHANGE ON

e |
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Cureiener
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t—Human
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b—Urbanindusrisl
b irrigaion
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Research Catchments at Cedara,
De Hoek/Ntabamhlope, Zululand

After 2 Years, the Principal Calls Me In
1982... re. Hydrology as a Discipline

OFRESP |

h_& BASEFLOW |

= Precipitation {mm)
I, = Initial abstractions (mm)
= f(§)

el

COlAM
& = Soil water deficit (mm)
= f{critical soil depth)}— SMDDEP




ological Research...1975-2025: A Personal Journey
e 2: Development of the ACRU Agro-Hydrological Modelling System

VEGETATION SURFACE SOL AERATION ZONE GROUND WATER
SUBSYSTEM SUBSYSTEM SI;FBS‘YS‘TE“ SUBSYSTEM  ZOMNE SUBSYSTEM
Semmar, e LEELEN il - Pt

INPUTS

HYDROLOGY
and .
AGROHYDROLOGY CHANNEL / VALLEY SUBSYSTEM

A TEXT TO ACCOMPANY THE ACRU 3.00
\GROHYDROLOGICAL MODELLING SYSTEM

qp=0.2083QA /1.83 L

ACRU -

AGROHYDROLOGICA i s
MODELLING SYSTEM peak discharge (m*.s™),

e, stormflow depth (mm) from an individual catchment,

VERSION 300 catchment area (km?),

N N
/ T
catchment lag (response) time (h) 5 PRECIPITATION A L K U

AL3MAPT

=
nery 0 M B "INTERCEPTION
41 .6Ty0'3 f300'37 s HW i| 5
a multiplier which was com I"' X N SUREACE LAYER. ..
-, W e
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> ~ TOPSOIL 29
catchments, I | o | ,5U'$
2 = L & B BN |'"|5
T SE———E RO
E —
SUBSOIL
JEFF SMITHERS and ROLAND SCHULZE \_ - | RUNOFF
INTERMEDIATE STORE
BASEFLOW

GROUNDWATER STORE



Hydrological Research...1975-2025: A Personal Journey

Phase 3: Development of the National Level Databases and Modelling

Quaternary 1 Quaternary 2 Quaternary 3

to give Hydrological Responses
Local Scales that Matter

5 838 Hydro
Homogeneou
Quinaries

uQ \Ma\La

UQ= Upper Quinary

ua EMQ ELQ ua \Ma \ La
|

LQ= Lower Quinary

MQ= Middle Quinary

We now Model 40866
Spatial Units across
RSA, Lesotho &

Eswatini

1. Natural
Land Cover
Baseline
Land Cover

Reserved for

2. Unique LU

Mining Related

4. Unique LU

Reserved for
informal Built-Up
Areas

5. Unique LU
Reserved for
Formal Built-Up
Areas & WVTW

3. Unique LU
Reserved for
Plantation
Forestry

Qg5

Qb1

Upstream Contributions

Other Abstractions
Inter-Catchment Transfers

6. Wetldnds and Qb3 Qb4 QbS WWTW
*| Valley Bottoms |. Transfers Out

Domestic
Abstractions Qsé -

0 Irrigation from River Qb = Baseflow

_‘ rrigation Return Flows Qq = Stormflow
Domestic — Qs = Streamflow
Abstractions > Irrigation from Dam Trf = Transfers

Irrigation Return Flows ‘
Overflow

Environmental Flow Releases
Qs7




Hydrological Research...1975-2025: A Personal Journey
Phase 4: 1990s...Climate Change | "“iiraay "IN gy ™ iz
Rears its Heac : "

Atlas of climate change and

the SoutheAfican Agricultural
Secton: A 2010 perspective

Mean Annual Water Temperature [*C) Mean Annual Water Temperature (°C) Differance in Mean Annual Water Temperature (C)
Actual Land Use Actual Land Use Actual Land Use:
Immediate Future Climate Immediate Future to Present Climate

R.E. Schulze
g (2011; 41 Chapters, pp
Jaff.gov.za/DiviéfsHis/Other/Clim
ate_ Vv )

WATER AMANZI

Change (t/ha) in Mean Annual Sediment Yield
_ Pristine to Light Grazing
Historical Climate

Pristine to Overgrazed
Historical Climate

i o
August 2019

HAND BOOK ON ADAPTIVE
IANAGEMENT STRATEGIES AND

J OPTIONS FOR THE WATER SECTOR
~ IN SOUTH AFRICA UNDER CLIMATE
CHANGE

[ <0.1
s \ Z 0.1-05
o e 5. 3
a'é’«;m?m:g " ? .~ e - [ ]05-10
avoraiy Millon Koynos, e ) 1.0-15
R e m -1_5_2‘0 .
WRC Report No. 1843/2/12 -2.0_3-0 - V- -
T B <30 o Sy e +

Involvementin Local, National
& International Committees

Author/Co-Author to 137
Publications on Climate Change



Hydrological Research...1975-2025: A Personal Journey

Phase 5: Post-Retirement... Addressing Issues of the Real World
a. Detailed Regional/Local Studies, e.g.
Waterberg Komati System
City of Tshwane QwaQwa
uMngeni-uThukela System
Berg System
b. Impact Studies... Afforestation, Overgrazing, Veld |
Burning, Tillage Practices, WWTW,
Alien Invasives, Urban Systems
c. The April 2022 Durban Floods
d. The Era of Internationalisation
Member of the IPCC, e.g. Austria, Australia
Annual International Post-Grad Lecturing, e.g. IHE, SMHI
International Accreditations, e.g. Kenya, Columbia '

¥ i i |
L 4 1 tald i
TREES AND WATER USE
¢ (Eur AL LR,)
: ¥ (a,LALr,, COL, 1, R,)
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* Hydrological research
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* Postharvest technology and food engineering




Irrigation and Soil and Water

Conservation Engineering

* Development of Technical and Financial Norms
and Standards for Drainage of Irrigated Lands

DEVELOPMENT OF TECHNICAL AND
FINANCIAL NORMS AND STANDARDS FOR

DRAINAGE OF IRRIGATED LANDS

|COMMISSION!

Volume3 -

TSNS

N

§
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Irrigation and Soil and Water

Conservation Engineering

* |rrigation infrastructure performance in
smallholder irrigation in South Africa

DIAGNOSE THE GAPS
SdV9 3H1 390Rg




Conservation Engineering

* Rural water supplies infrastructure management

In South Africa and the sub-region

* Short furrow irrigation system

moswANTANENG

MARULANENGHA'
SENUSWANEMakhudutamaga
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Irrigation and Soil and Water

MAJOR PROBLEMS

Pump Breakdown

Borehole Drying Out

Borehole Collapse

Internal Corrosion

Low Water Yield

IMPACTS

ECONOMICS,
Operation &
Maintenance (O&M)
and Rehabilitation
Costs

Water
Supply

Water
Quality

[Existence of
managemenet /

structures],
[Availability of
maintenance

personnel]

[Sense of ownership],
[Willingness to pay],
[Robustness of SWI

hardware]
60%
50%
\
40% |\ S
30% \ = - Financial factors
20% /. \\ o
10% \\ \ (=== Technical factors .-
0% 4l N\
/ \\ \\\ [Willingness to
\ participate in
~ management],
\ [Existence of
financing
mechanism],
[Availability of spare
parts]

Sense of ownership

| for SW1 by their users

Willingness of SWI
users to participate in
SWI management

Existence of
management (WPC)

NB: ™ denotes statistcal significance at 0.01 levels (2-tailld)
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Irrigation and Soil and Water

Conservation Engineering

* Moistube irrigation technology research —
characterization, soil water dynamics, and crop
response to Moistube irrigation

Trapspiration

Evaporation

1

Atmospheric conditions
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Irrigation and Soil and Water

Conservation Engineering

* Water-energy-food (WEF) nexus
characterization, applications and development
of the IWEF model

|
Foop T 2
WATER Sr s
ENERGY i

3 Database
Drivers/Challenges finance Governance Outcomes & Goals .;f * Tudicators
Policies & H &
= /ﬁ Strategies % r-"’f O+ Basemap

* Climate Change / ,/“\\ \ { \ n uﬂ"".
% * Population ( . \’ \ m © Aliaroas o -
s ﬁ’;‘”“‘ \W/» * Renewable energy sau Computations

* Urbanisation 1 s N "
5 (N Demand and technologies [biofuels, A ! E 6 :PSET l“‘f‘g“ ” * Consistency ratio (CR)
[ ooty vind sl i) Fradicationof h X gupulf}ul ﬂcatm var:l:ls » Normalized indices

* Resource * Efficient water-use * Eradication of hunger 9 * Specify the case study ) e
.g degradation & [desaliisation, dy- [nutrtion & food security] Enel'gy Food Pillars ' Y/elghreda\ferageof:f\dlces
T scarcity cooling power plants, * Improved health & well- —Illlepgte;l?’EF nexus
v | |+ Economic recycle and reuse] being composite index
g development * Improved infrastructure + Access to clean water &
=l | ¢ Land use change * Technological advances sanitation
E * Pollution /\ [dets a:c‘as‘sandshaving] + Access to modem, clean Energy Energy FOOdself- Cereal lnd' t Results
7 IR Science-culture y \ * Seasonal climate forecasts & sfordable energy A bl P d A ufﬁ . P[ d ‘e ]ca Ors o
[ soclo-politics k | Beraforfond [climate change + Improved livelioods COESS1 ”ty 101 llCthl[y § Clellcy 0 llcthlty * Integrated WEF nexus composite index
(8] | Science and \ \—/FGNMEM\‘ \ adaptation  Emironmental quslity + Spider diagram / radar chart / sustainability polygon

% \;/ J kEconomlc s v Spatial mapping of WEF nexus

Normlized Tdices CaseStudy Bowndary
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Irrigation and Soil and Water
Conservation Engineering

 Crop water requirements
* |Irrigation scheduling tools

e Soil and Water Conservation

Engineering

* Rainfall erosivity

* CoSDT development &

software

Contour Spacing Design Tool (CoSDT) — Version 1.0

Developed by
Daniel Otim, Jeff Smithers,

Select your input from the drop down menus and

press the execute button. The design output will be

displayed under “Contour Spacing Design Tool

HOMOGENEQUS CLIMATE ZONES

ACRU - Agrohydrolo

S
| rram=r o

USSR
doran

INTERMEDIATE STQRE

gical Model

auckrLow

Erosivity Density Method

Daily Data Method

Legend
Erosivity
MJ.mmi(ha.hr)
[Jo-3m0

[ 300- 600

[ Te00-1200
I 1 200-2500
[ 2500-5000
[ 5000- 10000
I 10000 - 20 000
I 20 000 - 40 000

Output

South

Soil Loss Design Form

, type in your expl

interval if

a spill over road
button. However, i the no structure o

i and
plion is selected, leave the horizontal interval section

blank and press the execute button. The soil loss will be displayed in "Soil Loss" section on

Output” section on the right. the fohe R
Aidan Senzanje, Rianto van Antwerpen and Sean Thornton-Dibb T dentier ®
‘ Identifier @ ‘Minimum Tilla Region North Coast [l
July 2019 — o g Soil Loss 2600 | thayear
9 SoilTexture Loamy sand Fl
CoSDIT was developed as part of a SASRI funded research project at UKZN: P = g S e
“Development of updated design norms for soil and water conservation structures in the sugar industry” A [ Structure Spillover Road &
(SASRI Project Number: 155D2C) Structure Water Carrying Terrace [ %
5 e Tilage Practice Convertional Tilage
Tilage Practice Nirimum Tilage 5 aly ge o 5]
@ m
The CosDT s used for design of soil and water conservation structures in the South African Sugar Industry and to determine Agronomic Praciice Green Wanuring & Agronomic Practice No Green Marring &
oillossesassociated withgive agricutural production practics. instng et —— g : Ty pipanelharvesing 7]
%
Siope 2 Fl% H £ m Slope 16 [l
g 0 Horizontal Interval 40 @
Execte e = :
2 y e0-05m) e 1
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Duration

[CISmin
[ 10 min
[ 15 min
(130 min
[ 45 min
[ 1 hour
[J 1.5 hour
[J2hour

I Design Rainfall Estimation in South Africa

I d

Design Rainfall Estimation
* DRE-SA software

* Regionalised approach
* 5min-7/ days

e 2-200yearRP
e Software: 1’x1’ resolution
* Recommended by SANRAL DM

Widely used

1000 Kiomclurs

Provincial &
International
Boundaries

Design Rainfall Estimation in South Africa (Ver 3)
Search Method
(O Search by Latitude and Longitude
O search by Rainfall Station
Return Period Block Size ul
[]4 hour [J1day [z Year
6 hour [2day []5 Year
[J8 hour [J3day []10vear
[] 10 hour [Jaday [J20 Year
[J 12hour [Jsday 150 Year
[ 16 hour [J6day [ 100 Year
[J20 hour [7day []200 Year
[[] 24 hour Oal CJan

e

2

o

s

2

a2 s

1-DAY,

<40

40 - 6D
60 - 80
80-100
100 -120
120 = 140
140 = 160
160 =180
180 - 200
200-220
220 -240
240 = 260
260 - 280
280 - 300
>300

100 YEAR RETURN PERICD DESIGN RAINFALL (mm)

200

300 Kllometers
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Designh Flood Estimation

* SCS-SA
* Modified and adapted for local

conditions

e S-S lag estimation equation

 Expanded HSGs

* Regionalised accounting for AMC

* Design hyetographs
Production of user manuals
SCS-SA software (> 700 sold)
* Many courses
Recommended for use in SA

Further development - CSM
* NFSP

* New developments
* NaFSAT

SCS-SA

USER MANUAL

o 1 -
W —
: :
g ] r.g
QA _,
2 2
B z
2 &
A L
Time (h)
AP ——AQl ——AQ2 ——AQ3 AQ4  ——AQS
——AQ6 ——AQ7 ——AQ8 ——AQ9 ——AQI0 =——Total
i
e iy Teeppepe——
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Outline

* History timeline

* Capacity development

* Power, traction and alternative fuels research
* Hydrological research

* |Irrigation and soil and water conservation
engineering

* Design and engineering hydrology
* Postharvest technology and food engineering




Applied Agricultural and Food
Systems Engineering

©

Number of
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W Articles Published

B Workshop Presentations
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B Conference Presentations

B Research Projects Completed
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Bioprocessing @! - T Environmental

Cassava-Based

Major and Specific Areas Covered

Drying

Technologies
Agricultural % -

Mechanisation Packaging

Machinery Design Heat Transfer

Mechanisation for Food Machinery

Small-Scale
Farmers

- ﬁ Food Science &
Technology

Postharvest

Technology te? | Nutritional

Analysis

Handling Sensory Evaluation
Storage ﬁ Food Quality
Preservation Shelf-Life Studies

Interdisciplinary

Research Areas
Covered

Q Control
Fermentation

Enzymatic
Processing

Greenhouse
Microclimates

Cold Storage

Evaporative
Cooling Systems

Bioproducts

& Renewable Energy

Biogas
Solar Drying

Wind Energy
Integration

Energy-Efficient
Systems

Applied agricultural and food
systems engineering
Percentage of Total
Publications

| Y
10% >'
15% A 20%

10%
= Food Engineering

5%

= Food Science & Technology
= Environmental Control

= Renewable Energy

= Bioprocessing

= Postharvest Technology

m Agricultural Mechanisation
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Impact

Smoothing tomatoes’ bumpy

wv;,h:..: | | ride to market
Evaporative i o
cooling HE S5
technologies for E
fresh produce e
storage .
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Thank you for your attention!
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