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p r e f a c e

T
his book is a sequel to the book, agricultural engineering on the 
prairie: illinois style . that book, by h . paul bateman, William a . 
foster, benjamin a . Jones and Walter d . lembke, was a compre-

hensive history of the agricultural engineering department from its 
earliest roots until the year 1997 . in contrast, this book only covers 
the department history in the period, 1997 through 2009 . during that 
period, the name of the department was changed to agricultural and 
biological engineering (abe) .

the current book came about when department head K .c . ting 
asked ben Jones, Walt lembke and carroll goering to update the de-
partment history . those three men decided to enlist the help of current 
and retired faculty in writing the various chapters of the book while 
serving as editors of the complete book . the editors are grateful to the 
following persons for drafting portions of the book: carroll goering 
drafted chapter one, introduction . loren bode drafted chapter two, 
changing of the guard . Kent mitchell drafted chapter 3 on teach-
ing programs, which included material written by doug bosworth on 
the capstone design course . prasanta Kalita, randy fonner and Kent 
rausch drafted chapter 4 on student activities . chapter 5 on re-
search programs includes sections on bio-environmental engineering 
(bee) by yuanhui Zhang; on food and biological engineering (fbe) 
by marvin paulsen,; on off road equipment engineering (oree), 
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including usda research, by carroll goering; on soil and Water 
(s&W) research by Kent mitchell; and on nanotechnology by irfan 
ahmad . Kaustubh bhalerao, grace danao and luis rodriguez wrote 
the section on biological engineering (bioe) . carroll goering drafted 
chapter 6 on extension programs and chapter seven on international 
programs . leanne lucas prepared chapter 8, profiles of faculty mem-
bers who retired or left the department between 1997 and 2009 . tony 
grift, with help from area leaders, students and some emeritus faculty, 
drafted chapter nine, a glance ahead . in addition, abe staff in the 
main office helped assemble the material included in the appendix . 
ronda sullivan compiled an extensive list of visiting scholars . robin 
fonner was especially helpful and the editors are grateful for the nu-
merous times she helped find needed materials .



1

i n t ro d u c t i o n

T
he early history of the department was captured in the book, 
agricultural engineering on the prairie: illinois style, by h . paul 
bateman, William a . foster, benjamin a . Jones, Jr . and Walter d . 

lembke . that book traced the department history from its early roots 
through its subsequent development up to the year, 1997 . the aim of 
the present book is to extend that history from 1997 through 2009 . 
some of the key highlights of the early department history are repeated 
below .

the roots of the agricultural and biological engineering (abe) 
department trace back to the formation of the land grant college sys-
tem when the morrill act was signed by president lincoln on July 
2, 1862 . the illinois industrial college, later to become the univer-
sity of illinois, was formed in 1867 . When the college of agriculture 
was formed in 1870, professor s .W . shattuck was listed as a professor 
of agricultural engineering in the college, while s .W . robinson was 
listed as a professor of agricultural mechanics . nathan c . ricker, a 
1872 graduate of the college, began teaching a rural architecture course 
in 1876 . thus, the teaching of agricultural engineering related subject 
matter preceded the formation of the department and of the college 
of engineering that was established at illinois in 1880 .

in 1904, the first bachelor of science degree in agricultural mecha-
nization was awarded to charles a . ocock . initially, the courses in ag-
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ricultural engineering/farm mechanics were taught in the department 
of agronomy . at the time, that department was housed in agricultural 
hall, now davenport hall . in 1906, when space in agricultural hall 
could no longer meet the demand for courses and the need for addi-
tional space for farm implements, a new farm mechanics building was 
opened . that building was later renamed the agricultural engineering 
building .

in 1921, agricultural engineering separated from agronomy when 
a new department of farm mechanics was formed and housed in the 
farm mechanics building . the first head of the new department was 
emil W . lehman . in 1932, the department name was changed to agri-
cultural engineering and an agricultural engineering curriculum was 
approved the same year . the first bachelor of science in agricultural 
engineering degrees were awarded in 1934 . one of the first graduates, 
h . paul bateman, then joined the department faculty and continued to 
serve until his retirement in 1968 . 

the first master of science degree was authorized in 1948 and, a 
year later, the first ms degrees were awarded to maurice l . burgener, 
b . Jack butler and herman W . glover . in 1950, the agricultural en-
gineering curriculum was nationally accredited for the first time . in 
1955, frank b . lanham was named department head and, a year later, 
the first b .s . degrees were awarded in a newly formed agricultural 
mechanization degree . the latter degree was renamed technical sys-
tems management (tsm) in 1996 . the ph .d . degree was approved in 
1964 and, two years later, the first ph .d . degree was awarded to ros-
coe l . pershing . roger r . yoerger became department head in 1978 . 
in 1983, the department left the agricultural engineering building to 
move into the new agricultural engineering sciences building . ros-
coe l . pershing was named department head in 1985 . When pershing 
became associate dean of engineering in 1994, loren e . bode was 
named as department head . that year, the department achieved the 
number one national ranking in a survey published by us news and 
World report . for a number of years, the department had been ranked 
in the top five nationally . 

in the economic engine that propels the us economy, agricultural, 
food, environmental and energy systems play a highly significant role . 
the discipline, agricultural and biological engineering (abe), inte-
grates life and engineering for the enhancement of these systems . ag-
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ricultural and biological engineering are synergetic and inseparable . 
thus, in concert with other former agricultural engineering depart-
ments across the us, the department name was changed to agricultural 
and biological engineering (abe) . the name change occurred while 
bode was department head .

When bode stepped down in 2004, K .c . ting was named depart-
ment head . ting set about building the biological component of the 
department mission by hiring new faculty members trained in that 
area . after a department retreat, the department developed and pub-
lished (in october, 2005) the following statement of strategic intent:

Core values:

We are in the business of empowering human capacity with knowl-
edge and wisdom . in everything we do, we value excellence, integrity 
and ethics, creativity and innovation, science-based scholarship, and in-
clusiveness and collegiality . 

Vision:

We will be the best agricultural and biological engineering depart-
ment in teaching, research, and outreach, while integrating biology and 
engineering and maintaining a collegial environment that emphasizes 
professional and personal development .

Mission:

We integrate life and engineering for enhancement of complex liv-
ing systems by providing student-centered educational experiences 
in engineering and systems management, by conducting high-impact 
research and by delivering value-added information, knowledge and 
wisdom .

Domains:

We contribute to engineering and management of complex food, ag-
ricultural and biological systems . departmental emphases include: bio-
based processing and production systems; biomass and renewable ener-
gy; precision and information agriculture; agricultural and bio-systems 
management; agricultural safety and health; food quality and safety; 
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environmental stewardship; land and water resources; spatially distrib-
uted systems; structures and facilities for living systems; indoor envi-
ronmental control; bio-sensors, bio-instrumentation, bio-informatics 
and bio-nanotechnology; intelligent machine systems; automation of 
biological systems; and advanced life support systems .

changing the department name to agricultural and biological en-
gineering did not include changing the name of the curriculum, which 
remained as agricultural engineering . in 2004, the course rubrics were 
changed from age to abe . at the same time, all department courses 
were renumbered . freshman-level courses remained at the 100-level, 
while sophomore courses became 200-level, junior-level courses be-
came 300-level and senior courses became 400-level . a new 500-level 
was introduced for graduate level courses . in 2006, the agricultural 
engineering curriculum was renamed to agricultural and biological 
engineering, with four standard areas of study . these were bioenviron-
mental engineering (bee), food and bioprocess engineering (fbe), 
off-road equipment engineering (oree) and soil and Water engi-
neering (s&W) . the department continued to have a technical systems 
management (tsm) curriculum offered through the college of aces . 
the department also continued to have a dual-major curriculum that 
allowed a student to earn a bs through the college of engineering and 
a second bs through the college of aces . the department also con-
tinued to offer the ms and phd degrees in agricultural and biological 
engineering . at time of writing, the department had just received final 
approval from the illinois board of higher education to offer a new 
ms degree in tsm, to take effect in the fall of 2010 . the new ms de-
gree is described in chapter 3 . one option in the new degree program 
is participation in the professional science masters (psm), which is 
similar to the mba . abe students participating in the psm program 
take 10 semester hours of business courses as well as tsm courses

the chapters that follow provide more information on the teach-
ing, research, outreach and international activities of the department 
from 1997 to 2009, as well as information on the department students, 
faculty and staff and on the departmental graduates . a chapter is also 
included to provide a glance ahead, i .e ., science-based predictions of 
future developments . it is interesting to note that the department vision 
of being the best agricultural and biological engineering department 
was realized . in four consecutive years, from 2007 through 2010, the 



department’s undergraduate engineering program was ranked first in 
the nation in the annual surveys published by us news and World re-
port . at the time of writing, the undergraduate survey results for 2011 
were not yet available, but the department’s graduate program had also 
been ranked number 1 . 

departmental students were also winning awards . in 2009, the quar-
ter-scale tractor team won first place in national competition . in the 
event, sponsored by asabe, students from universities compete an-
nually in designing and building a quarter-scale tractor to enter into 
national competition . the illinois win in 2009 was the first in the com-
petition history . at time of writing, the illinois team won again in 2010 . 
also, in 2009, abe students were part of a university of illinois team 
that designed and built a solar house that was displayed on the mall in 
Washington, dc . the illinois house won second place in international 
competition, finishing second to germany .

as a way of celebrating the department success and building mo-
mentum for future success, the department initiated a celebrate abe 
program . the goal was to attract as many department alumni as pos-
sible to return to campus for the celebration . the first one was held in 
september, 2008, the second one was held in september, 2009 and the 
third one was scheduled to be held in september, 2010 . each event 
included a meeting of the asabe central illinois section, campus 
tours, and a banquet at the i-hotel on campus . other events included 
a golf outing and a demonstration by the student Quarter-scale tractor 
pulling team .

K .c . ting, in an effort to continue building the department, ap-
pointed an abe futures committee . the mission of the committee 
was to work in concert with the abe department to enable and stim-
ulate closer bonding of the department’s alumni, friends and poten-
tial friends to the abe department, the colleges of engineering and 
aces, and the university of illinois . their vision was that every abe 
department alum and friend would feel a sense of ownership and pride 
in the abe department . the initial members of the committee were 
roscoe pershing (committee chair), paul benson, loren bode, doug 
bosworth, phil buriak, bob fry, carroll goering, ben Jones, Walter 
lembke, ronda sullivan, Kim meenen and K .c . ting . the commit-
tee made a number of suggestions to the department . these included 
upgrading the department newsletter, updating the department history 
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and starting a professor for a day program . in the latter program, a dis-
tinguished member of the alumni is selected each semester to come to 
campus to meet with students and to teach a class . the first professor 
for a day, John repogle, came to the campus in the spring of 2009, at 
the time of the abe spring banquet . the second professor for a day, 
Jim steck, came to campus in the fall of 2009, at the time of the cel-
ebrate abe event . david W . smith was professor for a day in the spring 
of 2010, while gary Wells was scheduled to be professor for a day in 
the fall of 2010 . the department also began a program of recognizing 
one of its alumni as a distinguished alumnus each year . the first one 
chosen was douglas bosworth, the second was lyle stephens and the 
third was larry huggins . each year, the person selected is recognized 
and invited to make remarks at the abe spring banquet .

soon after the abe futures committee was appointed, they began to 
discuss the possibility of expanding to include an abe futures coun-
cil . the mission and vision of the council was identical to that of the 
abe futures committee . however, council members are chosen from 
several geographic areas around the state and later, perhaps from around 
the nation . essentially, the council members became the “eyes and ears” 
of the department in their geographic areas, help with recruiting, help 
sponsor departmental events in their area, etc . council members were 
invited but not required to attend the monthly meetings of the futures 
committee . however, they were encouraged to participate in a telecon-
ference arrangement in which they could speak at futures committee 
meetings and also hear the proceedings . the initial members of the 
futures council were lynda cabrales from Kraft, marcia mccutchan 
from rhmg, anthony rund and dan roley from caterpillar, John 
reid and dave smith from John deere, and brian Wills from Wills 
milling .

the abe department continued the tradition of having an external 
advisory committee to offer advice to the department head . members 
of the advisory committees are listed in the appendix . the work of the 
external advisory committee was coordinated with that of the abe 
futures committee/council by having two members of the external ad-
visory committee serve as liaison members of the futures committee/
council . the first two liaison members were John reid and anthony 
rund .

on the lighter side, many departmental alumni will remember a de-



partment tradition that ended in 2003 . starting in 1975, a fallow fur-
row trophy was presented annually at the departmental awards spring 
banquet . the initial presentation was to Kent mitchell, who forgot to 
attend a class he was teaching . in recognition of that oversight, his stu-
dents designed a trophy and presented it to him at the next awards ban-
quet . the trophy, in the form of an inverted cultivator shovel mounted 
on a former bowling trophy, was subsequently presented by the current 
holder to the faculty member who had made the biggest goof dur-
ing the previous year . since faculty members work for the department 
24/7, the goof could occur any time or place, at work or away from 
work . Winners demonstrated their collegiality by accepting the tro-
phy gracefully . the trophy presentation became a hilarious hit at each 
spring banquet but was dropped in 2003 because it was taking atten-
tion away from the true purpose of the awards banquet – to recognize 
achievements of the students . 

introduction  | 7
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2  |  c h a n g i n g  o f  t h e  g ua r d

I
n the period from 1997 to 2009, there was considerable changing of 
department personnel . a total of 18 faculty members either retired 
or moved on to new positions . due to insufficient funding from 

the state, it was not possible to replace all those who left, but 15 new 
faculty members were hired . also 6 faculty members stayed on board 
from 1997 through 2009 . a complete list of departmental faculty can 
be found in the appendix . a number of academic professionals joined 
the staff to help with work previously done by faculty members . sev-
eral technicians retired and, due to budget constraints, could not be 
replaced . there was also turnover among the secretarial staff . in the 
paragraphs below, the personnel changes are described .

in 1997, dr . Kent rausch joined the faculty after serving on the 
faculty at Kansas state university . rausch’s teaching and research were 
in the food and bioprocess engineering (fbe) area .

in 1998, dr . stuart birrell left to accept a faculty position at iowa 
state university . he had joined the abe faculty in 1996, after an as-
signment at the university of missouri . also in 1998, dr . John siemens 
retired after 30 years on the departmental faculty . his work had been 
in research and extension regarding farm machinery . dr . shufeng han 
was hired from case/ih to replace siemens . han’s assignment was to 
do extension work on precision agriculture . When han was hired by 
deere and company in 2001, there was not enough funding to replace 
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him and the department’s extension work in farm machinery came to 
an end .

there were two departures in 1999 . dr . bruce litchfield, who had 
been teaching and doing research on food engineering, left to take an 
assistant dean’s position in the college of engineering . dr . carroll go-
ering, who had been teaching and doing research in off-road equip-
ment engineering (oree) area, ended his 22 years on the faculty by 
retiring . goering was oree area leader at the time of his retirement . 
goering was replaced by dr . al hansen, who previously was on the 
faculty at the university of natal in south africa . hansen took over 
goering’s teaching assignments and also did research in the oree area 
with emphasis on biofuels .

in 1999, dr . prasanta Kalita left Kansas state university to join the 
abe faculty at illinois . his teaching and research appointment was in 
the soil and Water (s&W) area . the following year, dr . Kent mitchell 
retired after a 36-year career in the department . mitchell had been 
doing teaching and research in the s&W area . also in 2000, dr . John 
hummel left the department when the usda transferred him to co-
lumbia, missouri . although a usda employee at illinois, hummel had 
a courtesy faculty appointment in the department and functioned in 
most respects as a full-fledged faculty member .

two faculty members departed in 2001 after 15-year careers in the 
department . dr . John reid, who had been doing teaching and research 
in the oree area, left to accept a position with deere and company . 
dr . gerald riskowski, who had been doing teaching and research in 
the bioenvironmental engineering (bee) area, left to become head of 
the agricultural and biological engineering department at texas a&m 
university .

in 2002, there was one departure and three new arrivals . dr . paul 
benson retired after a 24-year career in the department . benson’s as-
signment had been in the fbe section, doing extension work . specifi-
cally, benson worked with the electricity industry, including serving as 
executive director of the illinois farm electrification council (ifec) . 
an academic professional, molly hall, was hired to take over benson’s 
work with the ifec . however, she left in 2007 when ifec funding 
to the department ended . three new assistant professors were hired 
in 2002 . dr . tony grift was hired to do teaching and research in the 
oree area . dr . Xinlei Wang was hired to do teaching and research in 



the bee area . dr . vijay singh was hired to do teaching and research in 
the fbe area .

in 2004, dr . loren bode stepped down as department head . dr . K .c . 
ting, formerly department chair at ohio state university, was hired to 
replace bode as head . bode continued on a faculty appointment until 
2008, when he retired .

in 2005, there was one departure and three arrivals . doug bos-
worth, a deere retiree who had been hired in 1995 to teach the cap-
stone design course, retired from the department . steve Zahos was then 
hired to teach the capstone design course . like bosworth, Zahos had 
extensive industry experience . such experience was valuable because 
students in the design course worked closely with industries on in-
dustry-sponsored projects . two other new faculty members, dr . luis 
rodriguez and dr . Kaustab bhalero, joined the department in 2005 on 
teaching and research appointments . they were hired by K .c . ting to 
build up the biological component of the agricultural and biological 
engineering department .

there were two departures in 2006 . dr . marvin paulsen retired after 
31 years in the department on a teaching and research appointment . 
also retiring was dr . mike tumbleson . he had transferred into the de-
partment from the college of veterinary medicine in 2001 .

the year 2007 brought three departures and three arrivals . dr . phil 
buriak retired after leading the tsm program for 19 years . he was 
replaced by dr . Joe harper, who transferred in from the human and 
community development department . dr . les christiansen retired 
from his teaching and research appointment after 22 years in the depart-
ment . also, dr . mike hirschi took up an assignment as assistant dean 
in the college of engineering . hirschi had held a teaching, research 
and extension appointment in the s&W area . dr . lance schidemann 
transferred to the department from the civil engineering department 
to do teaching and research in the s&W area . dr . grace danao joined 
the department as an assistant professor with a teaching and research 
appointment . she was hired by K .c . ting to further bolster the bio-
logical engineering component of the abe department .

in 2008, dr . angela green was hired as an assistant professor on a 
teaching and research appointment . her work on animal behavior was 
centered in the bee area of the department .

in 2009, dr . Qin Zhang left his teaching and research appointment 

changing of the guard  | 11
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in the department to accept a position at Washington state university . 
the uiuc campus provided funding to hire dr . richard gates, previ-
ously department head at the university of Kentucky, as a distinguished 
professor . gates accepted a teaching and research appointment in the 
bee area of the department .

eight people were granted, courtesy appointments in the depart-
ment between 1997 and 2009 . persons on such courtesy appointments 
are not on the department payroll but are granted the appointments in 
recognition their close cooperation with departmental faculty . in 1997, 
dr . Kazimierz banasik, a visiting professor from poland, was granted a 
courtesy appointment . he had worked closely with dr . Kent mitchell . 
also in 1997, dr . noboru noguchi of Kokkaido university in Japan 
was granted a courtesy appointment . he had been cooperating with 
members of the abe department on robotics and automatic guidance 
research . in 1999, dr . irfan ahmad, an employee at the beckman cen-
ter, was granted a courtesy appointment . in 2002, dr . munir chery-
an and dr . scott morris of the food science and human nutrition 
(fshn) department were granted courtesy appointments . also in that 
year, dr . hao feng of the institute for genomic biology was granted 
a courtesy appointment . in 2003, dr . shelly schmidt of the fshn de-
partment was granted a courtesy appointment . in 2007, dr . hongbin 
ren was granted a courtesy appointment to further increase ties with 
his university in china .

in 2000, university of illinois extension agents who were working 
in various parts of illinois were given the opportunity to affiliate with a 
campus department of their choice . that year, george czapar, robert 
frazee, duane friend, michael plumer and stanley solomon accepted 
chose to affiliate with the abe department . in 2002, they were joined 
by paul mariman and susan meeker . both mariman and meeker left 
the university in 2005 .

the faculty could not be successful without the help of numerous 
other people on non-faculty appointments . in the departmental head 
office, dini reid served as assistant to the head until she and her 
husband, John reid, left the department in 2004 . she was replaced by 
ronda sullivan, who had previously worked in the animal science 
department . mary beth munhall served as administrative secretary 
before retiring in 2003 . she had earlier served as the secretary in suite 
332 . With the increased use of word processors by the faculty, the as-



signment of suite secretaries was discontinued . When munhall retired, 
robin fonner was hired as the new administrative secretary . ruth 
sattazahn served in suite 360 as a secretary and research coordinator 
until 1999 . she left to become a fund raiser for the proposed new st . 
thomas moore high school . also leaving in 1999 was pamela Warsaw, 
who had been serving as a secretary in the head office . patricia belton, 
an accounting technician, left the department in 2002 . the next year, 
charlotte longfellow left her appointment as chief clerk after serving 
the university for 17 years .

academic professionals are college graduates who work essentially as 
non-tenured faculty . three of these handled the state-funded pesticide 
education safety program (pesp) for the department . dr . bob Wolf 
held this position until he left in 1993 to join the faculty at Kansas 
state university . Wolf was replaced by dr . mark mohr, who held the 
position until 2003 . When mohr left, he was replaced by dr . scott 
bretthauer, who was still holding the position at time of writing .

computers became a vital part of abe operations . on any given 
work day, a visitor visiting nearly any faculty office would find the 
occupant working at a computer . the department also had a room 
filled with computers for student use . thus, an important position in 
the department was a person to maintain and upgrade the department 
computers . dan vander ploeg was in that position until his departure 
in 1998 . With the feared y2K problem looming, two persons shared 
the position beginning in 1998 . they were shane thompson and tom 
nelshoppen . thompson stayed one year and left in 1999 . nelshoppen 
was still in the position at time of writing .

two academic professionals worked in the fbe area . rene denhart 
left in 2003 and Jennifer richardson began work in 2004 . anne marie 
boone joined the department in 2007 to help with student recruiting . 
Jay davis joined the department in 1999 to work mapping tile drain 
locations in farm fields using aerial image analysis . two other academic 
professionals were in the department during the entire period, 1997 to 
2009, but will be mentioned for completeness . randy fonner joined 
the department in 1990 to assist ted funk with an extension program 
on animal waste management . fonner also became advisor to the stu-
dent ag . mech club . chip petrea joined the department in 1987 to 
assist bob aherin with an extension program in farm safety .

four other department employees and a usda employee assisted 
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with the physical work of the department . dennis King, a usda tech-
nician, assisted the work of John hummel at the agricultural engi-
neering farm but retired in 2000 . in 2008, steve maddock retired as the 
s&W technician, while larry meyer retired as foreman of the agricul-
tural engineering farm . in 2009, larry pruiett retired after managing 
the laboratories for the fbe area . finally, dennis mohr retired in 2010 
as the oree technician . regretfully, because of insufficient funding, 
none of these five people could be replaced .



from left, phd student 
yigang sun and his advisor, 
yuanhui Zhang standing in 
front of a boeing 767-300 
cabin mockup, discussing the 
volumetric particle tracking 
velocimetry they developed 
to measure air flow patterns 
and pollutant transport .

the abe quartet at a Quad city section meeting .  from left, dick coddington, roscoe 
pershing, don hunt and mike hirschi



from left, alison melko, patricia paulausky and leigha curtin in front of their abe 100 
project on soil erosion and sediment control .  not shown is phd student paul davis, 
project mentor .

from left, gage braley and John “Jack” berg working on the micro-steam car they de-
signed and built as part of the abe 100 class .



from left, evan Wool, Kelsey green, alex salas and Jessica Williams with their abe 100 
small-scale algae fermentation project .  not shown is their project mentor, ms student 
Krekha balachandran .

front row from left: david murphy, amanda corban, george bozdech, leigh ann Kesler, 
drew schilling, eric allen
middle row: brian Krug, casey millard, stephen corban, chris Wilhelmi, taylor leahy, 
Jordan tate, Kim heinecke
back row: Jordan hammer, Jordan pitcher, aJ metzler, alex suchko, nowell moore, 
brian fehrenbacher and dennis sinks with their national champion quarter scale pulling 
tractor .



from left, Zach brammeier, delayne durdle, austin roepke, aaron schubert, Joseph 
monical, prasanta Kalita and laura hahn discussing the project to retrofit a boat for dr . 
Kalita for water sample collection from a retention pond on the abe farm .

from left, linhui Qi, matthew doherty, nichole evans and torin lacher with their 
poster on evaluating the energy requirements of a greenhouse .  not shown are project 
mentors richard gates and drew schilling .



K .c . ting recognizing scholarship donors, lola and larry huggins .

K .c . ting recognizing John repogle as professor for a day .



doug bosworth with distinguished alumni award .

K .c . ting recognizing Jim steck as professor for a day .



K .c . ting presenting distinguished alumni award to lyle stephens .

K .c . ting recognizing dave smith as professor for a day .
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3  |  t e a c h i n g  p ro g r a m s

S
ince the previous history of the agricultural engineering depart-
ment at the university of illinois, which ended in 1997, there 
have been many changes in the curricula administered by the de-

partment . the university changed the course numbering system, the 
department name was changed to agricultural and biological engi-
neering and several official options have been changed . these changes 
for both the ae/abe and tsm curricula are described below .

AGRICULTURAL ENGINEERING/AGRICULTURAL  
AND BIOLOGICAL ENGINEERING CURRICULUM

FROM 1997 TO 2006

the agricultural engineering curriculum in the college of engineer-
ing, starting in fall 1997, was defined in the ui program of study as 
follows:

Exhibit 3.1.  Degree of Bachelor of Science in Agricultural 
Engineering in 1997

For the Degree of Bachelor of Science in Agricultural  
Engineering

agricultural engineering is the integration of biological and physical 
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sciences as a foundation for engineering applications in agriculture, 
food systems, natural resources, the environment, and related biologi-
cal systems . the goals of the program are to prepare men and women 
for professional careers in engineering practice or related positions in 
education and government .

design experience begins in the freshman year and is integrated 
throughout the curriculum in the lectures, discussions, homework, and 
lab assignments of many of the courses dealing with engineering top-
ics . agricultural engineers are involved in the design of systems that 
include food and bioprocess engineering, off-road equipment, bioen-
vironmental engineering of plant and animal facilities, water quality, 
and systems for the use and protection of soil and water resources . 
important design constraints are economics, conservation of materials 
and energy, safety, and environmental quality . all students complete a 
major design project in the senior year that draws comprehensively on 
the knowledge gained in the foundational courses .

graduates are employed by industry, consulting firms, and govern-
ment for research, education, and manufacturing . all graduates obtain a 
four-year abet-accredited bachelor of science degree from the col-
lege of engineering and, in an optional five-year program, may receive 
a second bachelor of science degree in agricultural engineering sci-
ences from the college of agricultural, consumer, and environmen-
tal sciences . by choice of electives, a student may direct his or her 
program toward specialization in power and machinery, soil and water, 
structures and environment, or electric power and processing or to 
a separate food and bioprocess engineering specialization . individual 
programs are checked by departmental advisers to ensure that accredi-
tation board for engineering and technology requirements are met for 
any chosen specialization .

the curriculum requires 128 hours for gradation except for the 
specialization in food and bioprocess engineering, which requires 132 
hours for graduation .



SPECIALIZATION IN POWER AND MACHINERY, SOIL 
AND WATER, STRUCTURES AND ENVIRONMENT, OR 
ELECTRIC POWER AND PROCESSING

First year

hours first semester
 1 ag e 100-introduction to agricultural engineering
 4 chem 101-general chemistry
 0 eng 100-engineering lecture
 3 g e 103-engineering graphics and design
 5 math 120-calculus and analytic geometry, i
 4 rhet 105-principles of composition1

 17 total
hours second semester
 4 chem 102-general chemistry (biological or physical 

version)*
 3 math 130-calculus and analytic geometry, ii
 2 math 225-introductory matrix theory
 4 phycs 111-general physics (mechanics)
 4 biological and natural sciences elective2

 17 total
*biological version recommended .

Second year

hours first semester
 4 ag e 221-engineering for agricultural and biological 

systems
 3 c s 101-introduction to computing with application 

to engineering and physical science
 3 math 242-calculus of several variables
 4 phycs 112-general physics (electricity and 

magnetism)
 2-3 t a m 150-introduction to statics or t a m 

152-engineeering mechanics, i (statics)
 16-17 total
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hours second semester
 4 ag e 222-engineering for bioprocessing and 

bioenvironmental systems
 3 math 285-differential equations and orthogonal 

functions
 2 phycs 113-general physics (fluids and thermal 

physics)
 3 t a m 212-engineering mechanics, ii (dynamics)
 3 elective in social sciences or humanities3, 4

 15 total

Third year

hours first semester
 3 agricultural engineering technical elective5

 3 ece 205-introduction to electrical and electronic 
circuits

 1 ece 206-introduction to electrical and electronic 
circuits laboratory

 3 t a m 221-elementary mechanics of solids
 3-4 stat 310/math 363-introduction to mathematical 

statistics and probability, i; or c e 293-engineering 
modeling under uncertainty; or i e 230-analysis of 
data

 3 elective in social sciences or humanities3, 4

 16-17 total
hours second semester
 3 agricultural engineering technical elective5

 1 ag e 298-undergraduate seminar
 3 econ 103-macroeconomic principles3

 3-4 m e 209-thermodynamics and heat transfer, or m 
e 205-thermodynamics, or ch e 370-chemical 
engineering thermodynamics

 3-4 t a m 235-fluid mechanics, or ch e 371-fluid 
mechanics and heat transfer, or m e 211-introductory 
gas dynamics

 3 elective in social sciences or humanities3, 4

 16-18 total



Fourth year

hours first semester
 3 agricultural engineering technical elective5

 3 elective in social sciences or humanities3, 4

 4 technical elective5

 3 free elective4

 2 ag e 299-undergraduate thesis
 15 total
hours second semester
 3 agricultural engineering technical elective5

 3 free elective4

 3 technical elective5

 4 biological and natural sciences elective2

 3 elective in social sciences or humanities 3, 4

 16 total
1 . students may take spcom 111 and 112 in place of rhet 105 .
2 . students must complete eight hours from biological and natural sci-
ences approved list .
3 . each student must satisfy the social sciences and humanities require-
ments of the college of engineering, including econ 102 or 103 . 
students entering in fall 1994 and later must also satisfy the campus 
general education requirements for social sciences and humanities .
4 . one elective course must satisfy the general education composition 
ii requirement .
5 . students must have 19 hours of technical electives; at least 12 hours 
must be from ag e courses and the remainder selected from the de-
partment-approved list .

Biological and Natural Sciences Electives

hours
 8 min choose from:
 3 cp sc 322-forage crops and pastures
 3 an sci 202-domestic animal physiology
 3 an sci 307-environmental aspects of animal 

management
 3 biol 100-biological sciences1

 4 biol 101-biological sciences1
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 4 biol 104-animal biology1

 3 chem 231-elementary organic chemistry
 2 chem 234-elementary organic chemistry 

laboratory
 3 ent 120-introduction to applied entomology
 4 geol 101-introduction to physical geology
 3 geol 250-geology for engineers
 3 hort 227-indoor plant culture, use, and 

identification
 4 hort 345-growth and development of horticultural 

crops
 3 mcbio 100-introductory microbiology1

 2 mcbio 101-introductory experimental microbiology
 3 mcbio 311-food and industrial microbiology
 2 mcbio 312-techniques of applied microbiology
 4 plbio 100-plant biology1

 4 physl 103-introduction to human physiology
 4 soils 101-introductory soils
1 . students must take at least one of these courses .

Technical Electives

for a total of 19 hours .

Agricultural Engineering Technical Electives

hours
  3 ag e 236-machine characteristics and mechanisms
 2 ag e 271-transport phenomena in food process 

design
 3 ag e 277-design of architectural structures1

 3 ag e 287-environmental control for plants and 
animals1

 3-4 ag e 311-instrumentation and measurement2

 3 ag e 315-applied machine vision
 3 ag e 336-engineering design projects for agricultural 

industries1

 3 ag e 346-tractors and prime movers
 3 ag e 356-soil and Water conservation structures1



 3 ag e 357-land drainage1

 3 ag e 383-engineering properties of food materials
 2 ag e 385-food and process engineering design1

 3 ag e 387-grain drying and conditioning
 3 ag e 389-process design for corn milling
1 . students must take at least one of these courses . includes major de-
sign experience .
2 . this course is strongly recommended .

Other Technical Electives 

choose the remainder of the 19 hours from:
 4 c e 201-engineering surveying
 3 c e 241-environmental Quality engineering
 3 c e 255-introduction to hydrosystems engineering1

 3 c e 261-introduction to structural engineering1

 3 c e 263-behavior and design of metal structures, i
 3 c e 264-reinforced concrete design, i
 3 c e 280-introduction to soil mechanics and 

foundation engineering
 3 c e 350-surface Water hydrology
 3 c e 361-matrix analysis of frame structures
 4 chem 323-applied electronics for scientists
 3 ch e 261-introduction to chemical engineering
 3 ch e 370-chemical engineering thermodynamics
 4 ch e 371-fluid mechanics and heat transfer
 4 ch e 373-mass transfer operations
 3 g e 288-engineering economy and operations 

research
 4 m e 231-engineering materials
 4 m e 270-fundamentals of mechanical design1

 3 m e 285-design for manufacturability
 3 m e 307-solar energy utilization
 3 mfg e 210-introduction to manufacturing systems
 3 mfg e 350-information management for 

manufacturing systems
any 200- or 300-level engineering course approved by an adviser .
1 . one of these courses is strongly recommended . 
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SPECIALIZATION IN FOOD AND BIOPROCESS  
ENGINEERING

food and bioprocess engineering is the application of engineering 
principles to produce, preserve, process, package, and distribute foods . 
food and bioprocess engineers develop, design, and construct new ma-
chinery, processes, and plants; they develop and test new products; they 
preserve and distribute foods; and they manage environmental factors, 
waste products, and energy . food and bioprocess engineers participate 
in nearly every phase of food processing . graduates are prepared for 
positions in a variety of industries, including food, pharmaceutical, and 
biotechnology industries . Job opportunities also exist with the govern-
ment, universities, and consulting firms . career possibilities include re-
search and development; project, process, and plant engineering, which 
can include design, optimization, and construction; technical sales and 
service; and supervision and management . those who continue their 
education in graduate school will have a strong background for further 
study in the sciences or engineering .

First year 

hours first semester
 1 ag e 100-introduction to agricultural engineering
 4 chem 101-general chemistry
 0 eng 100-engineering lecture
 3 g e 103-engineering graphics and design
 5 math 120-calculus and analytic geometry, i
 4 rhet 105-principles of composition1

 17 total
hours second semester
 4 chem 102-general chemistry (biological or physical 

version)
 3 c s 101-introduction to computing with application 

to engineering and physical science
 3 math 130-calculus and analytic geometry, ii
 2 math 225-introductory matrix theory
 4 phycs 111-general physics (mechanics)
 16 total



Second year

hours first semester
 3 chem 231-elementary organic chemistry
 3 econ 103-macroeconomic principles2

 3 math 242-calculus of several variables
 3 mcbio 100-introductory microbiology
 2 phycs 113-general physics (fluids and thermal 

physics)
 2-3 t a m 150-introduction to statics or t a m 

152-engineering mechanics, i (statics)
 16-17 total
hours second semester
 4 ag e 222-engineering for bioprocessing and 

bioenvironmental systems
 3 math 285-differential equations and orthogonal 

functions
 2 mcbio 101-introductory experimental microbiology
 4 phycs 112-general physics (electricity and 

magnetism)
 3 t a m 212-engineering mechanics, ii (dynamics)
 17 total

Third year

hours first semester
 3 ch e 261-introduction to chemical engineering
 4 f s h n 314-food chemistry and nutrition, i
 3 t a m 221-elementary mechanics of solids
 2 technical elective3
 6 electives in social sciences or humanities2, 4

 18 total
hours second semester
 1 ag e 298-undergraduate seminar
 3 ch e 370-chemical engineering thermodynamics
 3 ece 205-introduction to electrical and electronic 

circuits
 3 mcbio 311-food and industrial microbiology
 3 free elective4
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 3 elective in social sciences or humanities2, 4

 16 total

Fourth year

hours first semester
 3 ag e 383-engineering properties of food materials
 4 ch e 371-fluid mechanics and heat transfer
 3 f s h n 361-food processing, i
 3 technical elective3

 3 elective in social sciences or humanities2, 4

 16 total
hours second semester
 2 ag e 299-undergraduate thesis
 2 ag e 385-food and process engineering design
 4 ch e 373-mass transfer operations
 3 f s h n 362-food processing, ii
 3 free elective4
 3 elective in social sciences or humanities2, 4

 17 total
1 . students may take spcom 111 and 112 in place of rhet 105 .
2 . each student must satisfy the social sciences and humanities require-
ments of the college of engineering, including econ 102 or 103 . 
students entering in fall 1994 and later must also satisfy the campus 
general education requirements for social sciences and humanities .
3 . students select technical electives from the approved list for food and 
bioprocess engineering .
4 . one elective course must satisfy the general education composition 
ii requirement . 

Food and Bioprocess Engineering Electives

hours technical electives
 1 ag e 284-scale-up of food processes
 3-4 ag e 311-instrumentation and measurements
 3 ag e 315-applied machine vision
 3 ag e 387-grain drying and conditioning
 3 ag e 389-process design for corn milling
 3 ag e 396-special problems (package engineering)



 3-4 c e 293-engineering modeling under uncertainty, 
i e 230-analysis of data, or stat 310/math 
363-introduction to mathematical statistics and 
probability, i

 3 ch e 389-chemical process control and dynamics
 3 g e 288-engineering economy and operations 

research or i e 203-engineering economics
  .4 m e 270-fundamentals of mechanical design
 3 m e 261-introduction to instrumentation, 

measurement, and control fundamentals
 2 mcbio 312-techniques of applied microbiology
a dual program between the college of aces and the college of 
engineering was also available . it was essentially the curriculum for 
the college of engineering with additional agricultural coursework as 
described as follows in the program of study . although several students 
start their program under the dual major, few finish with both degrees .

Exhibit 3.2. Dual Major in Agricultural Engineering and in 
Agricultural Engineering Sciences in 1997

Dual Major In Agricultural Engineering And In  
Agricultural Engineering Sciences 

For the Degree of Bachelor of Science and the Degree of Bachelor 
of Science in Agriculture in Agricultural Engineering-Agriculture 
Science 

this is a five-year program that results in a b .s . degree from the col-
lege of engineering and a b .s . degree from the college of agricultur-
al, consumer and environmental sciences . the 158 hour curriculum 
meets the requirements for both degrees .

agricultural engineering is the integration of biological and physi-
cal sciences as a foundation for engineering applications in agriculture, 
food systems, natural resources, the environment, and related biological 
systems . agricultural engineers are involved in the design of systems 
which include food and bioprocess engineering, off-road equipment, 
bioenvironmental engineering of plant and animal facilities, water 
quality and systems for the utilization and protection of soil and water 
resources . important design constraints are economics, conservation of 

teaching programs  | 25



26 | agricultural and biological engineering at illinois

materials and energy, safety, and environmental quality . graduates are 
employed by industry, consulting firms, and government for research, 
education, and manufacturing . by choice of electives, a student may di-
rect his or her program toward specialization in power and machinery, 
soil and water, structures and environment, electrical power and pro-
cessing, or to a separate food and bioprocess engineering specialization . 
individual programs are checked by departmental advisers to insure 
that national engineering accreditation (abet) requirements are met 
for any chosen specialization .

PRESCRIBED COURSES INCLUDING CAMPUS GENER-
AL EDUCATION

hours composition i and speech
 4-3 rhet 105-principles of composition or equivalent
 (see college composition i requirement)
 3 spcom 101-principles of effective speaking
hours composition ii
select from campus approved list .
hours Quantitative reasoning
 3 c s 101-introduction to computing with application 

to engineering
 5 math 120-calculus and analytic geometry i
 3 math 130-calculus and analytic geometry ii
 3 math 225-introductory matrix theory
 3 math 242-calculus of several variables
 3 math 285-differential equations & orthogonal 

functions
hours natural sciences
 4 chem 101-general chemistry
 4 chem 102-general chemistry
 4 phycs 111-mechanics
 4 phycs 112-electricity and magnetism
 2 phycs 113-fluid and thermal physics
hours biological science
 10 ten hours of biological sciences are required from 

biology, entomology, microbiology, plant biology, 
physiology and zoology . select at least eight of the ten 



hours from the following: 
biol 100*-biological sciences 
biol 101*-biological sciences 
biol 104*-animal biology 
cpsc 322-forage crops and pastures 
ansci 202-domestic animal physiology 
ansci 307-environmental aspects of animal 
management 
geol 101-introduction to physical geology 
geol 250-geology for engineers 
hort 227-indoor plant culture 
hort 345-growth and development of horticultural 
crops 
mcbio 100*-introduction to microbiology

  mcbio 101-introduction to experimental 
microbiology 
mcbio 311-food and industrial microbiology 
mcbio 312-techniques of applied microbiology 
plbio 100*-plant biology or agronomy 121 
physl 103-introduction to human physiology 
soils 101-introductory soils 
chem 231-elementary organic chemistry 
chem 234-elementary organic chemistry lab 
entom 120-introduction to applied entomology 

* students must take at least one of these courses .
hours humanities1 and social science1

 18 to include ace 100-economics of resources, 
agriculture and food, or econ 102-microeconomic 
principles, or econ 103-macroeconomic principles .

  cultural studies2

  one western culture and one non-western/us  
minority culture course .

1 . students must complete ace 100, econ 102 or econ 103 and 
15 additional hours of social sciences or humanities courses that satisfy 
the requirements of approved lists for the college of engineering, the 
college of agricultural, consumer and environmental sciences, and 
the campus general education requirement . the college of engineer-
ing requires one six-hour sequence in social science and one six-hour 
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sequence in humanities from approved courses . since these may differ, 
students should carefully select approved courses that meet the require-
ments for all of the lists .
2 . Work with adviser to select courses that also satisfy the social sciences 
and humanities requirements .
hours ag e prescribed
 1 1 ag e 100-introduction to agricultural engineering
 4 ag e 221-engineering for agricultural and biological 

systems
 4 ag e 222-engineering for bioprocess and 

bioenvironmental systems
 1 ag e 298-undergraduate seminar
 3 ag e 299-undergraduate thesis
hours other prescribed
 0 eng 100-engineering lecture
 3 ece 205-introduction to electrical & electronic 

circuits
 1 ece 206-lab to ece 205
 3 g e 103-engineering graphics & design
 3-4 m e 209-thermodynamics & heat transfer, or m 

e 205-thermodynamics, or ch e 370-chemical 
engineering thermodynamics

 3-4 stat 310-statistics, or math 363-intro to math 
statistics and probability, i, or c e 293-engineering 
modeling under uncertainty, or i e 230-analysis of 
data

 2-3 tam 150-analytical mechanics or tam 
152-engineering mechanics, i

 3 tam 212-engineering mechanics, ii
 3 tam 221-elementary mechanics of solids
 3-4 tam 235-fluid mechanics, or ch e 371-fluid 

mechanics and heat transfer, or m e 211-introductory 
to gas dynamics

agricultural science electives
 15 fifteen hours of agricultural sciences with courses 

from at least two departments other than agricultural 
engineering and approval of advisors are required .

hours technical electives



 19 technical electives are upper level engineering courses . 
students can choose from the recommended list below 
or by consent of adviser . 
agricultural engineering technical 
electives
at least 12 hours from: 
ag e 236-machine characteristics and mechanics 
ag e 271-transport phenomena in food process 
design 
ag e 277*-design of agricultural structures 
ag e 287*-environmental control for plants and 
animals 
ag e 311#-instrumentation and measurements
ag e 315-applied machine vision
ag e 336*-design of agricultural machinery
ag e 346-tractors and prime movers
ag e 356*-soil and Water conservation structures
ag e 357*-land drainage
ag e 383-engineering properties of food materials
ag e 385*-food and process engineering design
ag e 387-grain drying and conditioning
ag e 389-process design for corn milling 

*students must take at least one of these courses . includes major design 
experience .
#this course is strongly recommended .
other technical electives
remainder of the 19 hours from: 

c e 201-engineering surveying or c e 205 
c e 241-air and Water Quality 
c e 255*-introduction to hydrosystems engineering 
c e 261*-introduction to structural engineering 
c e 262-intermediate structural analysis 
c e 263-behavior and design of metal structure 
c e 264-reinforced concrete design 
c e 280-introduction to soil mechanics and 
foundation engineering 
c e 350-surface Water hydrology 
chem 323-applied electronics for scientists 
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ch e 261-introduction to chemical engineering 
ch e 370-chemical engineering thermodynamics 
ch e 371-fluid mechanics and heat transfer 
ch e 373-mass transfer operations
g e 288-engineering economy and operations 
research
m e 270*-fundamentals of mechanical design
m e 231-processing and structure of materials
m e 285-design for manufacturability
m e 307-solar energy utilization
m e 313-computer controls of mechanical 
engineering systems
mfg e 210-introduction to manufacturing systems
mfg e 350-information management for 
manufacturing systems
or any 200 or 300 level engineering course approved 
by adviser 

*one of these courses is strongly recommended .
hours open electives
 11-14 sufficient open electives selected to total minimum 

curriculum requirement of 158 hours . all requirements 
of the combined curriculum must be completed to 
satisfy the requirements for both degrees .

 158 total hours required to receive a b .s . in agricultural 
engineering and a b .s . in agricultural sciences .

in 1999 the following changes were made in course offerings:
1 . chem 101 - general chemistry, 4 hrs, was replaced by chem 102 
- general chemistry 3 hrs and chem 106 - general chemistry labo-
ratory, 1 hr .
2 . chem 102 - general chemistry, 4 hrs, was replaced by chem 102 
- general chemistry 3 hrs and chem 106 - general chemistry labo-
ratory, 1 hr .
3 . me 209 was discontinued as a thermodynamics alternative .
4 . hort 227 was discontinued as a biological and natural science elec-
tive .
5 . me 271 - mechanical engineering, i, 3 hrs . was added as an other 
technical elective .
in 2001 the following changes were made in course offerings:



1 . age 271 - transport phenomena in food process design, 2 hrs, was 
discontinued .
2 . age 360 - indoor air containment measurement and control, 3 
hrs, was added as an ag technical elective .
in the fall of 2004 a new system of course numbering was initiated . 
however, as a follow-up to the previous history that ended in 1997, 
following is a list of age courses from 1997 to 2004 . following the 
course name and number is the instructor that developed the course 
and date (if new), names of other instructors of the course, and date 
when discontinued .

Table 3.1.  Courses in Agricultural Engineering prior to 
2004

ag e 100: “introduction to agricultural engineering, l .e . bode .
ag e, 199: “undergraduate open seminar”, faculty .
ag e , 221: “engineering for agricultural and biological systems”, J .f . 
reid, p . Kalita .
ag e, 222: “engineering for bioprocessing and bioenvironmental sys-
tems”, s .r . eckhoff, p . Kalita, y . Zhang .
ag e, 236: “machine characteristics and mechanisms” . 
ag e, 271: “transport phenomena in food process design”, discon-
tinued 2001 .
ag e, 277: “design of agricultural structures”, g .l . riskowski, dis-
continued 2003 .
ag e, 282: “food packaging technology” 97, discontinued 1999 .
ag e, 284: “scale-up of food processes” ‘97, ‘99, discontinued 2000 .
ag e, 287: “environmental control for plants and animals”, l .l . 
christianson .
ag e, 293: “off-campus internship”, 2002, faculty .
ag e, 295: “undergraduate research or thesis”, 2002, faculty .
ag e, 296: “honors project”, faculty .
ag e, 298: “undergraduate seminar”, l .l . christianson, discontinued 
2002 .
ag e, 299: “undergraduate thesis”, faculty, discontinued 2002 . 
ag e, 311: “instrumentation and measurements”, Q . Zhang .
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ag e, 315: “applied machine vision”, J .f . reid .
ag e, 320: “Kinematics and dynamics of mechanical engineering” . 
ag e, 324: “agricultural engineering project management”, 2002 .
ag e, 336: “engineering design projects for agricultural industries”, 
d .l . bosworth .
ag e, 399: “seminar”, 2003, faculty .
ag e, 340: “applied statistical methods” . 
ag e, 345: “statistical methods” .
ag e, 346: “tractors and prime movers”, a .c . hansen .
ag e, 356: “soil and Water conservation structures”, J .K . mitchell, p . 
Kalita .
ag e, 357: “land drainage”, r .a .c . cooke .
ag e, 360: “indoor air contaminant measurement and control”, 
1999, y . Zhang .
ag e, 377: “design of agricultural and bioenvironmental structures”, 
2003 .
ag e, 382: “package engineering”, 2001 .
ag e, 383: “engineering properties of food materials”, K .d . rausch .
ag e, 385: “food and process engineering design”, K .d . rausch .
ag e, 387: “grain drying and conditioning”, m .r . paulsen .
ag e, 389: “process design for corn milling”, s .r . eckhoff .
ag e, 396: “special problems”, faculty .
ag e, 400: “research orientation”, graduate faculty .
ag e, 434: “computer aided Kinematics” not in ‘01, discontinued 
prior to 2001 .
ag e, 436: “dynamics of farm machine elements” not in ‘01, discon-
tinued prior to 2001 .
ag e, 446: “mechatronic systems of off-road vehicles”, Q . Zhang .
ag e, 490: “seminar”, graduate faculty .
ag e, 496: “topics in agricultural engineering”, graduate faculty .
ag e, 499: “thesis research”, graduate faculty .
the extensive project of renumbering courses to match campus direc-
tives and the change of name of the department resulted in a new list 
of courses in 2004 . although the department name was changed in 



2004, the engineering curriculum remained agricultural engineering . 
the request to change the curriculum name to agricultural and bio-
logical engineering was initiated in 2006 and approved for the 2009 
program year . following are the courses available from 2004 to present 
in agricultural and biological engineering with the entries containing:

a) course number
b) previous course number in parenthesis
c) course title
d) date course was started, if new
e) faculty member who revised the course for the new system
f) faculty who have taught the course
g) date course discontinued

FROM 2006 TO 2010

the result of these changes was a program of study until 2010 as 
follows:

Exhibit 3.3.  The Degree of Bachelor of Science in 
Agricultural and Biological Engineering,  
2006 to 2010

For the Degree of Bachelor of Science in Agricultural and Biological 
Engineering

agricultural and biological engineering is the application of math-
ematics, physical and biological science, and engineering to agriculture, 
food systems, energy, natural resources, the environment, and related 
biological systems . this program has special emphasis on environmen-
tal protection and the biological interface of plants, animals, soils, and 
microorganisms with the design and performance of environments, 
machines, mechanisms, processes, and structures . 

Areas of Study

the agricultural and biological engineering program provides four 
standard areas of study . 
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Specializations

• bioenvironmental engineering: the application of engineering 
principles to design, manufacture, and test systems that provide the 
desired environmental conditions for animals, human housing, crop 
storage structures, greenhouses, and other biological systems . bio-
environmental engineers design equipment for heating, ventilating, 
air-conditioning, air-quality control, and develop systems to handle 
and treat biowaste . 

•  off-road equipment engineering: the application of engineering 
knowledge and skill to design, manufacture, and test equipment for 
the agricultural, construction, forestry, and mining industries . off-
road equipment engineers develop precision machine systems that 
rely on advanced information and sensing technologies and a high 
level of automation and control . 

•  soil and Water resource engineering: the application of engineer-
ing principles and practices to design and develop systems for natu-
ral resources and environmental protection and utilization . soil and 
water engineers design systems to control soil erosion and flooding, 
and develop ways to handle stormwater and control the movement 
of sediment into water systems . 

Concentration

•  food and bioprocess engineering: the application of engineering 
principles to produce, process and package foods and bioproducts . 
food and bioprocess engineers design, develop, and construct new 
processes, machines, and plants; they develop and test new products; 
and they manage environmental factors, waste products, and energy 
conservation . 

Overview of Curricular Requirements

the curriculum requires 128 hours for graduation, except for the 
concentration in food and bioprocess engineering, which requires 
132 hours . the curriculum is organized as follows .

Orientation and Professional Development

these courses introduce the opportunities and resources your college, a
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department, and curriculum can offer you as you work to achieve your 
career goals . they also provide the skills to work effectively and suc-
cessfully in the engineering profession . 
 hours requirements
 1 abe 100-agric & biological engrg1

 0 eng 100-engineering orientation1 
 1 total 
1 . external transfer students take eng 300-engrg transfer orientation 
instead . 

Foundational Mathematics and Science

these courses stress the basic mathematical and scientific principles 
upon which the engineering discipline is based . 
 hours requirements
 3 chem 102-general chemistry i
 1 chem 103-general chemistry lab i
 3 chem 104-general chemistry ii
 1 chem 105-general chemistry lab ii
 4 math 221-calculus i1

 2 math 225-introductory matrix theory
 3 math 231-calculus ii
 4 math 241-calculus iii 
 3 math 285-intro differential equations 
 4 phys 211-university physics: mechanics 
 4 phys 212-university physics: elec & mag
 2 phys 213-univ physics: thermal physics
 34 total
1 . math 220-calculus may be substituted, with four of the five credit 
hours applying toward the degree . math 220 is appropriate for stu-
dents with no background in calculus . 

Agricultural and Biological Engineering Technical Core

these courses stress fundamental concepts and basic laboratory tech-
niques that comprise the common intellectual understanding of ag-
ricultural and biological engineering and the background for the 
technical courses and electives in each student’s specialization or con-
centration .



For all Specializations and the Concentration 

 hours requirements
 4 abe 222-agric & biological engrg ii
 2 abe 430-project management
 4 abe 469-industry-linked design project
 3 cs 101-intro computing: engrg & sci
 3 ece 205-elec & electronic circuits
 3 ge 101-engineering graphics & design
 2 tam 210-introduction to statics or 

tam 211-statics1 
 3 tam 212-introductory dynamics
 3 tam 251-introductory solid mechanics
 27 subtotal for all specializations and the concentration . 

see additional technical core requirements below .
1 . the extra hour of credit for this course may be used to help meet 
free elective requirements . 

For the Specializations in Bioenvironmental Engineering, Off-Road 
Equipment Engineering, or Soil and Water Resource Engineering 

 hours requirements
 4 abe 221-agric & biological engrg i
 3 cee 202-engineering risk & uncertainty or  

ie 300-analysis of data or  
abe 440-applied statistical methods i1 or
stat 400-statistics and probability i1 

 1 ece 206-elec & electronic circuits lab
 3 me 300-thermodynamics or 

chbe 321-thermodynamics1 
 4 tam 335-introductory fluid mechanics or  

chbe 421-momentum and heat transfer or 
me 310-introductory gas dynamics 

 15 subtotal
 42 total for the specializations in bioenvironmental 

engineering, off-road equipment engineering, or 
soil and Water resource engineering

1 . the extra hour of credit for this course may be used to help meet 
free elective requirements . 
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For the Concentration in Food and Bioprocess Engineering 

 hours requirements
 3 abe 483-engrg properties of food matls
 3 chbe 221-principles of che
 4 chbe 321-thermodynamics
 4 chbe 421-momentum and heat transfer
 4 chbe 422-mass transfer operations 
 3 chem 232-elementary organic chemistry i
 3 fshn 414-food chemistry
 3 fshn 461-food processing i 
 3 fshn 462-food processing ii
 3 fshn 471-food & industrial microbiology
 3 mcb 100-introductory microbiology
 2 mcb 101-intro microbiology laboratory 
 38 subtotal
 65 total for the concentration in food and bioprocess 

engineering

Technical Electives

this elective course work must be completed to fulfill each specializa-
tion or concentration . the subjects build upon the agricultural and 
biological engineering technical core .

For the Specializations in Bioenvironmental Engineering, Off-Road 
Equipment Engineering, or Soil and Water Resource Engineering

 hours requirements
 7 biological and natural sciences electives chosen from a 

departmentally approved list of biological and natural 
sciences electives

 16 technical electives in one or more of the three 
specializations chosen in consultation with an advisor . 
at least 8 hours must be agricultural and biological 
engineering technical electives and the remainder 
approved other technical electives .

 23 total



For the Concentration in Food and Bioprocess Engineering 

 hours requirements
 4 technical electives chosen from a departmentally 

approved list of food and bioprocess engineering 
electives 

Social Sciences and Humanities 

the social sciences and humanities courses, as approved by the col-
lege of engineering, ensure that students have exposure in breadth and 
depth to areas of intellectual activity that are essential to the general 
education of any college graduate .
 hours requirements
 3  econ 103-macroeconomic principles1 

 15  electives in social sciences and humanities approved by 
the college of engineering and satisfying the campus 
general education requirements for social sciences and 
humanities, including cultural studies western and non-
western .

 18  total
1 . econ 102 or ace 100 may be substituted by petition . 

Composition 

these courses teach fundamentals of expository writing . 
 hours requirements
 4 rhet 105-principles of composition
   advanced composition . may be satisfied by completing 

a course with the advanced composition designation 
in either the social sciences and humanities or the free 
elective categories .

 4 total

Free Electives

these unrestricted electives, subject to certain exceptions as noted at 
the college of engineering advising Web site, give the student the 
opportunity to explore any intellectual area of unique interest . this 
freedom plays a critical role in helping students to define research spe-
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cialties or to complete minors . 
 hours requirements
 6 free electives . additional unrestricted course work, 

subject to certain exceptions as noted at the college 
of engineering advising Web site, so that there are 
at least 128 credit hours earned toward the degree, 
except for the concentration in food and bioprocess 
engineering, which requires132 hours . 

Suggested Sequence

the schedule that follows is illustrative, showing the typical sequence 
in which courses would be taken by a student with no college course 
credit already earned and who intends to graduate in four years . each 
individual’s case may vary, but the position of required named courses 
is generally indicative of the order in which they should be taken . the 
first year of the suggested sequence is the same for all agricultural and 
biological engineering students . the second through fourth years vary 
with the specialization or concentration chosen . refer to the appro-
priate sequence continuation below . 

First year

 hours first semester
 1 abe 100-intro agric & biological engrg
 3 chem 102-general chemistry i
 1 chem 103-general chemistry lab i
 0 eng 100-engineering orientation
 3-4 ge 101-engineering graphics & design or  

rhet 105-principles of composition1 
 4  math 221-calculus i2

 3 elective in social sciences or humanities3,4

 15-16 total
 hours second semester
 3 chem 104-general chemistry ii*
 1 chem 105-general chemistry lab ii*
 2 math 225-introductory matrix theory
 3 math 231-calculus ii
 4 phys 211-university physics: mechanics 



 4-3 rhet 105-principles of composition or 
  ge 101-engineering graphics & design1

 17-16 total
*biological version recommended .

Specializations in Bioenvironmental Engineering, Off-Road  
Equipment Engineering, or Soil and Water Resource Engineering

Second year

 hours first semester
 4 abe 221-agric & biological engrg i
 3 cs 101-intro computing: engrg & sci 
 4  math 241-calculus iii 
 4 phys 212-university physics: elec & mag
 2  tam 210-introduction to statics or
 tam 211-statics5
 17 total
 hours second semester
 4 abe 222-agric & biological engrg ii
 3 math 285-intro differential equations
 2 phys 213-univ physics: thermal physics
 3 tam 212-introductory dynamics
 4  biological and natural sciences elective6 
 16 total

Third year

 hours first semester
 2 agricultural and biological engineering technical 

elective7

 3 ece 205-elec & electronic circuits
 1 ece 206-elec & electronic circuits lab
 3 tam 251-introductory solid mechanics
 3 cee 202-engineering risk & uncertainty or 

ie 300-analysis of data or 
abe 440-applied statistical methods i5 or
stat 400-statistics and probability i5 
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 3 elective in social sciences or humanities3,4

 15 total
 hours second semester
 3 agricultural and biological engineering technical 

elective7

 3 econ 103-macroeconomic principles3

 3 me 300-thermodynamics 
 4 tam 335-introductory fluid mechanics or 

chbe 421-momentum and heat transfer or
me 310-introductory gas dynamics 

 3 elective in social sciences or humanities3,4

 16 total

Fourth year

hours
first semester
 2 abe 430-project management
 3  agricultural and biological engineering technical 

elective7

 3 elective in social sciences or humanities3,4

 4 technical elective7

 3 free elective4

 15  total
 hours second semester
 4 abe 469-industry-linked design project
 3 free elective4
 4  technical elective7

 3 biological and natural sciences elective6

 3 elective in social sciences or humanities3,4

 17 total

Concentration in Food and Bioprocess Engineering

Second year

 hours first semester
 3 chem 232-elementary organic chemistry i



 3 cs 101-intro computing: engrg & sci
 4  math 241-calculus iii 
 3 mcb 100-introductory microbiology
 2 phys 213-univ physics: thermal physics
 2 tam 210-introduction to statics or
 tam 211-statics5
 17 total
 hours second semester
 4 abe 222-agric & biological engrg ii
 3 math 285-intro differential equations
 2 mcb 101-intro microbiology laboratory 
 4 phys 212-university physics: elec & mag
 3 tam 212-introductory dynamics
 16 total

Third year

 hours first semester
 3 chbe 221-principles of che
 3 fshn 414-food chemistry
 3 tam 251-introductory solid mechanics
 3  econ 103-macroeconomic principles3 
 3 electives in social sciences or humanities3,4

 2 technical elective8

 17 total
 hours second semester
 4 chbe 321-thermodynamics
 3 ece 205-elec & electronic circuits
 3 fshn 471-food & industrial microbiology
 3 free elective4

 3 elective in social sciences or humanities3,4

 16 total

Fourth year

 hours first semester
 2 abe 430-project management
 3 abe 483-engrg properties of food matls
 4 chbe 421-momentum and heat transfer
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 3 fshn 461-food processing i 
 2 technical elective8

 3 elective in social sciences or humanities3,4

 17 total
 hours second semester
 4 abe 469-industry-linked design project
 4 chbe 422-mass transfer operations 
 3 fshn 462-food processing ii
 3 free elective4

 3 elective in social sciences or humanities3,4

 17 total
1 . rhet 105 may be taken in the first or second semester of the first 
year as authorized . the alternative is ge 101 . students may take spcm 
111 and 112 in place of rhet 105 . 
2 . math 220-calculus may be substituted with four of the five credit 
hours applying toward the degree . math 220 is appropriate for stu-
dents with no background in calculus .
3 . each student must satisfy the 18-hour social sciences and humanities 
requirements of the college of engineering, including econ 103 (or 
either econ 102 or ace 100 by permission), and the campus general 
education requirements for social sciences and humanities .
4 . one elective course must satisfy the general education advanced 
composition requirement . 
5 . the extra hour of credit for this course may be used to help meet 
free elective requirements . 
6 . students in the specializations of bioenvironmental engineering, 
off-road equipment engineering, and soil and Water resource en-
gineering must complete seven hours from the approved list of bio-
logical and natural sciences electives . 
7 . students in the specializations of bioenvironmental engineering, 
off-road equipment engineering, and soil and Water resource en-
gineering must have 16 hours of technical electives chosen in consul-
tation with an advisor . at least 8 hours must be from the approved list 
of agricultural and biological engineering technical electives and the 
remainder selected from the approved list of other technical electives .
8 . students in the food and bioprocess engineering concentration 
must select 4 hours of technical electives from the approved list of food 
and bioprocess engineering electives



as described previously, there is a dual degree program available which 
is described by the following program of study .

Exhibit 3.4.  Dual Major in Agricultural and Biological 
Engineering Sciences, 2006 to 2010

Dual Major in Agricultural and Biological Engineering Sciences

students who successfully complete this five-year academic program 
receive the bachelor of science with a major in agricultural and bio-
logical engineering from the college of engineering as well as ag-
ricultural and biological engineering sciences from the college of 
aces . students first enroll in the college of aces and then transfer to 
the college of engineering after two years . the suggested program of 
study that follows fulfills graduation requirements for both the college 
of engineering and the college of aces . graduates are employed by 
industry, consulting firms, and government for research, education, and 
manufacturing . departmental advisors ensure that national engineer-
ing accreditation (abet) requirements are met by advisees .

Prescribed Courses Including Campus General Education

 hours composition i and speech
 4 rhet 105 - principles of composition or equivalent 

(see college composition i requirement)
 3 cmn 101 - public speaking
 hours advanced composition 
  one elective course must satisfy the advanced 

composition requirement .
 hours cultural studies
  one Western culture and one non-Western/us 

minority culture course must be completed as part of 
the social and behavioral sciences and/or humanities 
and the arts general education coursework

 hours foreign language: coursework at or above the third 
level is required for graduation .

 hours Quantitative reasoning i
 4 math 221 - calculus i
 hours Quantitative reasoning ii
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 3 math 231 - calculus ii
 hours natural sciences and technology
 3 chem 102 - general chemistry i
 1 chem 103 - general chemistry lab i
 3 chem 104 - general chemistry ii
 1 chem 105 - general chemistry lab ii
 4 phys 211 - univ physics mechanics
 4 phys 212 - univ physics elec and mag
 2 phys 213 - univ physics, thermal physics
 hours general education coursework
 6 six hours of social and behavioral science courses 

that must include ace 100 or econ 102 or econ 
103 and that satisfy the campus general education 
requirements .

 6  six hours of humanities and the arts courses that 
satisfy the campus general education requirements .

 6 six hours of either social and behavioral science 
or humanities and the arts courses that satisfy the 
requirements of approved lists for the college of 
engineering and the campus general education 
requirements .

 hours biological sciences coursework 
 10 ten hours of biological sciences are required from 

biology, entomology, microbiology, plant biology, 
physiology, and zoology . select at least seven of the ten 
hours from the following:
ansc 362 - princ of animal physiology 
ansci 467 - applied animal ecology 
chem 232 - elementary organic chemistry i 
chem 233 - elementary organic chemistry lab i
cpsc 112 - introduction to crop sciences 
cpsc 270 - applied entomology 
cpsc 414 - forage crops and pasture eco
geol 101 - introductory physical geology 
geol 250 - geology for engineers 
ib 101-biological sciences or 103*-introduction to 
plant biology or 104*-animal biology 
mcb 100* - introductory microbiology 



mcb 101* - intro microbiology laboratory 
mcb 103-intro to human physiology
mcb 312 - applied microbiology methods 
mcb 434 - food & industrial microbiology 
nres 201 - introductory soils 

* students must take at least one of these courses .
 hours agricultural engineering required
 1 abe 100 - intro to agr engineering
 4 abe 221 - agr & bio engineering i
 4 abe 222 - agr & bio engineering ii 
 2 abe 430-- project management 
 4 abe 469 - industry-linked design project
 3 cs 101- intro to computing, eng & sci
 0 eng 100 - engineering lecture
 3 ece 205 - intro elec & electr circuits
 1 ece 206 - intro elec & electr ckts lab
 3 ge 101 - engineering graphics & design
 3-4 me 300 - thermodynamics or chbe 321 - 

thermodynamics
 2 math 225 - introductory matrix theory
 4 math 241 - calculus iii 
 3 math 285 - intro differential equations 
 3-4 abe 440-applied statistical methods i, or stat 400 - 

statistics and probability i, or cee 202 - engineering 
risk & uncertainty, or ie 300 - analysis of data

 2-3 tam 210 - intro to statics or tam 211 - statics
 3 tam 212 - introductory dynamics
 3 tam 251 - introductory solid mechanics
 4 tam 335 - introductory fluid mechanics, or chbe 

421 - momentum and heat transfer, or me 310 - 
introductory gas dynamics

 hours agricultural sciences coursework
 15 fifteen hours of agricultural sciences with courses from 

at least two departments other than agricultural and 
biological engineering and approval of advisers are 
required .

 hours technical coursework
 16 a total of 16 hours of technical electives are required . 
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at least 8 hours must be from the following list of 
agricultural and biological engineering technical 
electives and at least eight hours selected from the list 
of “other technical electives” in the next section . 

Agricultural Engineering Technical Electives

at least 12 hours from:
abe 361 - princ of off-road machines
abe 374 - env control for bio buildings
abe 397-independent study
abe 420-Kinem & dynamics of mech syst
abe 425# - eng measurement systems
abe 426 - applied machine vision
abe 436-renewable energy systems
abe 455-erosion and sediment control
abe 456 - land and Water resources eng
abe 459 - drainage and Water management
abe 463-electrohydraulic systems
abe 466 - engineering off-road vehicles
abe 476 - indoor air Quality engineering
abe 479* - design of agr & bio structures
abe 482 - package engineering
abe 483 - eng properties of food mat
abe 485 - food and process eng design
abe 487 - grain drying and conditioning
abe 488 - bioprocessing grains for fuels
abe 489 - process des for corn milling
abe 497-independent study

 hours other technical electives
 choose at least eight hours from:

cee 311- engineering surveying or cee 312- route 
surveying
cee 330- environmental engineering
cee 350- Water resources engineering
cee 360- structural engineering
cee 380- geotechnical engineering
cee 450- surface hydrology



cee 460- steel structures, i
cee 461- reinforces concrete design, i
chbe 221- principles of che
chbe 421- momentum and heat transfer
chbe 422- mass transfer operations
ge 330- or methods for profit & value eng
me330- engineering materials
me 350- design for manufacturability
me 370- mechanical design, i
me 461- computer ctrl of mechanl sys
mfge 310- intro to mfg systems
mfge 450- info mgmt for mfg systems
phys 214 - univ physics, Quantum physics
tam 324-behavior of materials
or any 300 or 400 level engineering course approved 
by advisor

 hours open electives
  sufficient open electives selected to total minimum curriculum 

requirement of 158 hours . all requirements of the 
combined curriculum must be completed to satisfy the 
requirements for both degrees .

 158 total hours required to receive a b .s . in agricultural 
engineering and a b .s . in agricultural sciences .

FROM 2010

during the 2010-2011 academic year, the curriculum was again re-
vised to discontinue the concentration in food and bioprocess engi-
neering and establish a new concentration in agricultural engineering 
and a new concentration in biological engineering . the agricultural 
and biological engineering major is maintained at 128 hours (with 
the exception of students electing the food and bioprocess engineer-
ing concentration, which required 132 hours) but students will be 
required to choose one of two distinct concentration paths for their 
degree . specific changes included:
1 . concentration in agricultural engineering: this concentration 

focuses on the practice of engineering primarily in the agricul-
tural domain of the field of agricultural and biological engineering 
(abe) with students required to select a coherent set of courses in 
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consultation with their advisor that constitutes a specialization in 
this domain such as off-road equipment engineering, soil and wa-
ter resources engineering, and renewable energy systems . the con-
centration consists of 14 hours of required core technical courses 
and 23 hours of technical electives .

2 . concentration in biological engineering: this concentration fo-
cuses on the practice of engineering in the realm of living systems 
in agriculture, food, energy, the environment, and related biological 
systems . this extends beyond the singular area of study currently 
available as the food and bioprocess engineering concentration 
with students again required to select coherent sets of courses that 
constitute specializations in this domain such as bioenvironmental 
engineering (for example greenhouse and livestock building de-
sign), ecological engineering, food and bioprocess engineering, and 
nanoscale biological engineering . the concentration consists of 16 
hours of required core technical courses and 21 hours of technical 
electives .

the details of these changes follows:

Exhibit 3.5.  The Degree of Bachelor of Science in 
Agricultural and Biological Engineering in 
2010

For the Degree of Bachelor of Science in Agricultural and Biological 
Engineering

agricultural and biological engineering is the application of math-
ematics, physical and biological science, and engineering to agriculture, 
food systems, energy, the environment, and related biological systems . 
this abet-accredited degree program has special emphasis on envi-
ronmental protection and the biological interface of plants, animals, 
soils, and microorganisms with the design and performance of environ-
ments, machines, mechanisms, processes, and structures .

Concentrations

the agricultural and biological engineering program provides two 
concentrations: agricultural engineering and biological engineering . 
each concentration has specific areas of specialization related to career 



interest . 

Agricultural Engineering Concentration

the b .s . degree in agricultural and biological engineering provides 
a concentration in agricultural engineering . this concentration in-
cludes the integration of physical and biological sciences as a founda-
tion for engineering applications in agriculture, food systems, energy, 
the environment, and related biological systems . students pursuing this 
concentration are involved in the design of systems for renewable ener-
gy, off-road equipment, water quality, and the utilization and protection 
of soil and water resources . important design constraints are economics, 
conservation of materials and energy, safety, and environmental qual-
ity . Within this concentration, students are required to select a set of 
coherent courses that constitutes a specialization in their area of career 
interest either from the following list or a customized area chosen in 
consultation with an advisor:
 renewable energy systems
 off-road equipment engineering 
 soil and Water resources engineering 

Biological Engineering Concentration

the b .s . degree in agricultural and biological engineering also pro-
vides a concentration in biological engineering . this concentration 
integrates biology and engineering to provide solutions to problems 
related to living systems in agriculture, food, energy, the environment, 
and related biological systems .  . engineered biological systems in these 
domains vary widely in scale . at the molecular level, nanometer-scale 
devices consist of a few biomolecules inside individual cells . at the 
other extreme, regionally-scaled complex ecosystems depend upon 
multiple species of interacting living organisms . such systems are be-
coming increasingly important in areas such as bioenergy, bioprocess-
ing, nanotechnology, biosensing, bio-informatics, and bioenvironment . 
Within this concentration, students are required to select a set of co-
herent courses that constitutes a specialization in their area of career 
interest either from the following list or a customized area chosen in 
consultation with an advisor:
 bioenvironmental engineering
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 ecological engineering
 food and bioprocess engineering
 nanoscale biological engineering

Overview of Curricular Requirements

the curriculum requires 128 hours for graduation . the curriculum is 
organized as follows .

Orientation and Professional Development

these courses introduce the opportunities and resources that your col-
lege, department, and curriculum can offer you as you work to achieve 
your career goals . they also provide the skills to work effectively and 
successfully in the engineering profession . 
 hours requirements
 1  abe 100-agric & biological engrg1

 0  eng 100-engineering orientation1

 1  total
1 . external transfer students take eng 300-engrg transfer orientation 
instead . 

Foundational Mathematics and Science

these courses stress the basic mathematical and scientific principles 
upon which the engineering discipline is based . 
 hours requirements
 3 chem 102-general chemistry i
 1 chem 103-general chemistry lab i
 3 chem 104-general chemistry ii
 1 chem 105-general chemistry lab ii
 4  math 221-calculus i1
 2 math 225-introductory matrix theory
 3 math 231-calculus ii
 4  math 241-calculus iii
 3  math 285-intro differential equations
 4 phys 211-university physics: mechanics
 4 phys 212-university physics: elec & mag
 2 phys 213-univ physics: thermal physics



 34 total
1 . math 220-calculus may be substituted, with four of the five credit 
hours applying toward the degree . math 220 is appropriate for stu-
dents with no background in calculus . 

Agricultural and Biological Engineering Technical Core

these courses stress fundamental concepts and basic laboratory tech-
niques that comprise the common intellectual understanding of agri-
cultural and biological engineering and the background for the techni-
cal courses and electives in each student’s concentration .

For Both Concentrations

 hours requirements
 4 abe 221-agric & biological engrg i
 4 abe 222-agric & biological engrg ii
 2 abe 430-project management
 4 abe 469-industry-linked design project
 3 cs 101-intro computing: engrg & sci
 3 ece 205-elec & electronic circuits
 3 ge 101-engineering graphics & design
 2 tam 210-introduction to statics or
  tam 211-statics1
 3 tam 212-introductory dynamics
 28 subtotal for both concentrations . see additional 

technical core requirements below .
1 . the extra hour of credit for this course may be used to help meet 
free elective requirements . 

For the Agricultural Engineering Concentration 

 hours requirements
 3 cee 202-engineering risk & uncertainty or 

ie 300-analysis of data or 
abe 440-applied statistical methods i1 or
stat 400-statistics and probability i1

 1 ece 206-elec & electronic circuits lab
 3 me 300-thermodynamics
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 3 tam 251-introductory solid mechanics
 4 tam 335-introductory fluid mechanics or
  chbe 421-momentum and heat transfer or
  me 310-introductory gas dynamics
 14 subtotal
 42 total for the agricultural engineering concentration
1 . the extra hour of credit for this course may be used to help meet 
free elective requirements . 

For the Biological Engineering Concentration 

 hours requirements
 2 abe 141-biological principles in engrg
 3 abe 341-heat/mass transfer & momentum
 4 chbe 321-thermodynamics
 3 chem 232-elementary organic chemistry i
 4 mcb 150-molec & cellular basis of life
 16 subtotal
 44 total for the biological engineering concentration

Technical Electives

this elective course work must be completed to fulfill each concen-
tration . the subjects build upon the agricultural and biological engi-
neering technical core .

For the Agricultural Engineering Concentration

 hours requirements
 7 biological and natural sciences electives chosen from a 

departmentally approved list of biological and natural 
sciences electives - group a

 16 technical electives chosen in consultation with an 
advisor . at least 8 hours must be agricultural and 
biological engineering technical electives - group a, 
and the remainder approved other technical electives - 
group a .

 23 total



For the Biological Engineering Concentration 

 hours requirements
 6 biological and natural sciences electives chosen from a 

departmentally approved list of biological and natural 
sciences electives - group b

 15 technical electives chosen in consultation with an 
advisor . at least 8 hours must be agricultural and 
biological engineering technical electives - group b, 
and the remainder approved other technical electives - 
group b .

 21 total

Social Sciences and Humanities 

the social sciences and humanities courses, as approved by the col-
lege of engineering, ensure that students have exposure in breadth and 
depth to areas of intellectual activity that are essential to the general 
education of any college graduate . 
 hours requirements
 3  econ 103-macroeconomic principles1

 15  electives in social sciences and humanities approved by 
the college of engineering and satisfying the campus 
general education requirements for social sciences and 
humanities, including cultural studies western and non-
western .

 18  total
1 . econ 102 or ace 100 may be substituted by advisor approval . 

Composition 

these courses teach fundamentals of expository writing . 
 hours requirements
 4 rhet 105-principles of composition
 advanced composition . may be satisfied by completing a course 

with the advanced composition designation in either 
the social sciences and humanities or the free elective 
categories .

 4 total
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Free Electives

these unrestricted electives, subject to certain exceptions as noted at 
the college of engineering advising Web site, give the student the 
opportunity to explore any intellectual area of unique interest . this 
freedom plays a critical role in helping students to define research spe-
cialties or to complete minors . 
 hours requirements
 6 free electives . additional unrestricted course work, 

subject to certain exceptions as noted at the college of 
engineering advising Web site, so that there are at least 
128 credit hours earned toward the degree .

SENIOR DESIGN COURSE

the engineering accreditation commission (eac) of the accredita-
tion board for engineering & technology (abet) requires a capstone 
design course to be part of any accredited engineering program . the 
course will utilize the previous engineering education and will dem-
onstrate the student has the design skills appropriate for the profes-
sional practice of engineering .

the original capstone design course for the off-road equipment 
majors (age 336) was established 60 years ago by george pickard 
who had industry experience with massey-harris . he was followed by 
dwight Kampe who had worked with ford farm equipment group . 
don hunt who had industry experience with oliver farm equipment 
led 336 from 1965 until 1985 . richard coddington was hired from 
deere & co . after extensive design, research and evaluation experi-
ences . he brought his extensive experience and industry contacts to 
further develop the senior design course . carroll goering, who had 
worked with international harvester, handled 336 the year that cod-
dington was on sabbatical leave . in 1995, coddington was promoted 
to become the placement director for the college of engineering . he 
was replaced by douglas bosworth, a past president of the american 
society of agricultural & biological engineers and served on the eac . 
he came to the university of illinois after 35 years with deere & co . 
in 2005, steve Zahos who had 32 years of experience with union 
carbide, universal companies, envirecycle and in consulting attained 
the leadership of the course and brought new insights to the design 



experience .
the key elements of this course have been that all of the instructors 

have worked in industry, the students work in a team environment and 
the student projects have all involved “real life” problems from indus-
try sponsors . Key sponsors of student projects include: deere & co ., 
caterpillar, case-new holland, hydro-gear, alamo group and Wa-
terborne engineering . the student teams are assigned design projects 
that are “needed” by the industry sponsor and they work with a mentor 
engineer from that organization . a list of the industry-sponsored proj-
ects is given in the appendix . the projects are designed so the teams 
can conduct research, design, build and evaluate the project to assure 
that it meets the needs of the industry customer . the goal is to have the 
student teams experience the entire product development process . the 
course work also involves developing knowledge and skills in the “real 
world” to enhance their potential for success as engineers . the feed-
back from the students that have taken this course is that it is the most 
valuable course they took in college since it prepared them for success 
in the workplace . another measure of the success is that besides abe 
students, the team members have included technical systems manage-
ment, mechanical engineering and engineering mechanics majors .

this course has evolved over the past 60 years to meet the needs of 
the students and potential customers while utilizing the tools, technol-
ogy and processes utilized in american industry . the results are that 
over 1/3 of the projects are ultimately adopted by the industry sponsor 
and the exposure of the team members have resulted in many career 
opportunities with the sponsor . 

the latest evolution in 2007 was to move from an off road equip-
ment course to a senior capstone design (abe 469) for all of the 
options in abe . this change is a natural move since the product de-
velopment processes are similar for most industries . the senior design 
course has been a model for other university programs and has pro-
vided solid engineering experiences for graduates of the program .

prior to 2007 capstone design was accomplished in other con-
centrations within senior level courses . in age 356, soil and Water 
conservation structures, and abe 456, land and Water resources en-
gineering, taught by Kent mitchell and prasanta Kalita (both of whom 
had experience in sW design and construction), students were required 
to design a major project either individually or, usually, in teams . the 
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project designs included small dams, terrace systems, or other complex 
systems requiring full use of their knowledge of hydrology, hydrau-
lics, hydraulic structures, soil mechanics, soil science, soil erosion, con-
struction methods, cost and benefit economics, etc . in age 357, land 
drainage, and abe 459, drainage and Water management, taught by 
richard cooke (who also had design and construction experience), 
similar projects were required concerned with the design of drainage 
or irrigation systems . in some cases the student teams were also in-
volved in construction and emplacement . 

for the food and bioprocessing concentration, abe 385 (renum-
bered to 485) was taught by Kent rausch (product development en-
gineering expertise at american maize and extension experience at 
Kansas state working with small food processors) . abe 485 worked in 
teams with food processing companies to develop solutions for chronic 
processing problems . companies that collaborated included Quak-
er oats (danville, il) and general mills (minneapolis, mn) . design 
projects usually involved working with an on site engineer as well as 
a plant tour . projects included developing monitoring equipment for 
measuring food thickness, design and layout of a extruded snack food 
process, and development of specialty equipment for breakfast cereal 
production . 

  



AGRICULTURAL AND BIOLOGICAL ENGINEERING 
GRADUATE PROGRAMS

the ms and phd programs were essentially unchanged until 2008 . 
before that, requirements were general statements about total and the-
sis hours required; a few specific requirements were a responsibility of 
the department to transmit to the faculty of the department .

beginning in 2008 more specific requirements are stated in the 
programs of study . a description of the abe graduate programs fol-
lows . graduate courses information was presented in the previous two 
course listings tables (tables 1 & 2) .

Exhibit 3.6.  Department of Agricultural and Biological 
Engineering Graduate Degree Programs 
from 2008

the department of agricultural and biological engineering offers a 
graduate degree program which is at the forefront of the application 
of engineering principles to solve problems of agricultural produc-
tion, utilization, environmental control, and biological systems and to 
improve the quality of life . students may concentrate study in one of 
the faculty research interest areas listed below . supporting course work 
includes: mathematics; computer science; statistics; engineering me-
chanics; chemical, civil, electrical, and mechanical engineering; animal 
science; crop sciences; food science; and other appropriate fields . op-
portunity also exists for specializing in computational science and en-
gineering within the department’s graduate program via the compu-
tational science and engineering (cse) option . the medical scholars 
program permits highly qualified students to integrate the study of 
medicine with study for a graduate degree in a second discipline, in-
cluding agricultural and biological engineering .

Degree Requirements

*for additional details and requirements refer to the department’s 
graduate handbook and the graduate college handbook .
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Medical Scholars Program

students in the medical scholars program must meet the specific re-
quirements for both the medical and graduate degrees . on average, 
students take eight years to complete both degrees . the first year of 
the combined program is typically spent meeting requirements of the 
agricultural and biological engineering graduate degree .

Graduate Teaching Experience

experience in teaching is considered a vital part of the graduate pro-
gram and is required as part of the academic work of all ph .d . candi-
dates in this program .

TECHNICAL SYSTEMS MANAGEMENT

BS DEGREE IN TSM

the technical systems management (tsm) curriculum in 1997 was 
defined in the ui program of study as follows:

Exhibit 3.7.  Major in Technical Systems Management in 
1997

Major in Technical Systems Management

For the degree of Bachelor of Science in Technical Systems  
Management

this major is designed to prepare students as problem solvers for sys-
tems involving the application, management, and/or marketing of ag-
ricultural engineering technologies . students are instructed in engi-
neering and business principles in preparation for professional careers 
as entrepreneurs, marketing representatives, project managers, or plant 
managers working with service organizations, manufacturers, corpo-
rate farms, retail dealers, power suppliers, contractors and management 
companies at every stage from production through processing and dis-
tribution .

students pursuing this major can select between three options: pro-
duction systems; mechanization, marketing and technical systems; and 
environmental systems .



Prescribed Courses Including Campus General Education

 hours composition i and speech
 4 rhet 105 - principles of composition or equivalent
 3 spcom 101 - principles of effective speaking

 hours composition ii
 3 select one from:
  b&t W 250 - principles of business Writing
  b&t W 253 - business and administrative 

communication
  b&t W 272 - report Writing

 hours  Quantitative reasoning
 4 math 134 - calculus for social sciences i, or equivalent
 3 stat 100 - statistics, or ace 261 - statistics for 

agricultural and consumer economics or econ 172 
- economic statistics, i or psych 233 - descriptive 
statistics

hours  natural sciences
 4 chem 101 - general chemistry
 5 phycs 101 - general physics (mechanics, heat and 

sound)
 4-5 one course selected from:

biol 101 - biological sciences or biol 104 - animal 
biology
mcbio 100 - introductory microbiology and 
mcbio 101 - introductory experimental 
microbiology

 3-4 once course selected from:
atmos 100 - introduction to meteorology
geog 102 - Weather and climate or geog 103 - 
earths physical systems
geol 101 - introduction to physical geology or 
geol 105 - geology of energy resources or geol 
107 - general geology, i

  eee 105 - environmental biology
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 hours  humanities
 6 select from campus approved list

hours  social sciences
  from at least two departments to include:
 4 ace 100 - economics of resources, agriculture, and 

food
 3 econ 103 - macroeconomic principles
 2 social science elective . select from campus approved 

list .

 cultural studies1

  two courses; one western culture and one non-
western/us minority culture course

1 . Work with advisor to select courses that also satisfy the social sciences 
and humanities requirements .

 hours  aces prescribed
 2 aces 100 - contemporary issues in agricultural, 

consumer and environmental sciences

 hours  other prescribed
 3 ace 161 - microcomputer applications or equivalent
 3 accy 200 - fundamentals of accounting or accy 

201 - principles of accounting i
 4 cpsc 121 - principles of field crop sciences
 4 soils 101 - introductory soils
 3 tsm 100 - technical systems in agriculture
 1 tsm 299 - technical systems management seminar

 hours  tsm electives
 18 tsm elective courses . a total of 18 hours selected from 

the following courses . a minimum of six hours must be 
at the 300 level .
tsm 199 - undergraduate seminar
tsm 200 - construction technology
tsm 202 - Welding processes, metallurgy and 
materials



tsm 203 - electric Wiring, motors, and controls
tsm 221 - farm power and machinery management
tsm 250 - agricultural mechanization internship
tsm 252 - mechanics of soil and Water conservation
tsm 271 - engineering applications in residential 
housing
tsm 272 - farm buildings
tsm 281 - grain drying, handling, and storage
tsm 300 - special problems
tsm 331 - farm machinery technology
tsm 333 - agricultural chemical applications systems
tsm 341 - engine and tractor power
tsm 372 - livestock Waste management
tsm 381 - electrical and microcomputer controls for 
agriculture

 hours  option electives
 15 option elective courses . see specific requirements for 

each option listed below . a minimum of six hours must 
be at the 300 level .

hours open electives
 18-21 additional free elective courses selected to meet the 

required 126 hours for graduation
 126 total credit hours required for the b .s . degree

Mechanization, Marketing, and Technology Management Systems 
Option 

mechanization, marketing and technology management systems is de-
signed for students interested in the management, marketing, and/or 
application of technical systems in agriculture . the focus of this option 
is to prepare individuals as technically competent professional for all 
aspects of the agricultural and food industries .
 hours  option electives
 15* agcom 270 - agricultural sales communications

agcom 280 - leadership development
ace 222 - marketing commodity and food products
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ace 231 - food and agribusiness management or ba 
210 - management and organizational behavior
ace 233 - agribusiness market planning
ace 243 - agricultural finance
ace 356 - agricultural policies and programs
b adm 200 - legal environment of business
b adm 202 - principles of marketing
b adm 247 - introduction to management (no credit 
if had b adm 210)
b adm 261 - summary of business law
b adm 274 - operations of research
b adm 314 - production
b adm 315 - management in manufacturing
b adm 320 - marketing research
b adm 321 - individual behavior in organizations
b&t W 271 - persuasive Writing
fin 254 - introduction to business finance 
management
fin 264 - fundamentals of real estate

*six hours of course work must be at the 300 level .

Production Systems Option

production systems is designed for those students interested in learn-
ing about and working within the production enterprise . students in 
this option learn marketing, management, and application of the tech-
nical systems relative to a production agriculture enterprise .
 hours  option electives
 15* choose from the following:

ace 203 - rural taxation
ace 222 - marketing of commodity and food 
products
ace 232 - management of farm enterprises
ace 243 - agricultural finance
ace 303 - agricultural law
ace 320 - economics of commodity marketing
ace 332 - decision-making in the agricultural firm
ace 334 - professional farm management



ace 348 - rural real estate appraisal
cpsc 318 - crop growth and production
cpsc 321 - biological control of insect pests
cpsc 322 - forage crops and pastures
cpsc 326 - Weeds and their control
soils 303 - soil fertility and fertilizers
soils 304 - soil conservation and management
ansci 221 - animal nutrition
ansci 283 - beef cattle and swine production
ansci - any animal production class
hort 242 - commercial vegetable production

*six hours of course work must be at the 300 level .

Environmental Systems Option 

environmental systems is designed for those students interested in en-
vironmental systems as they relate to the agricultural and food indus-
tries . the focus of this option is the study of technical systems and their 
management as they relate to the interface between the physical and 
biological science components of agriculture .
hours  option electives
 15* choose from the following:

ace 210 - economics of the environment
ace 306 - environmental law
ace 310 - intermediate natural resource economics
ace 319 - regional environmental management 
simulation
ansci 307 - environmental aspects of animal 
management
b adm 210 - management and organizational 
behavior
c e 241 - air and Water Quality
c e 341 - regional environmental management 
simulation
e s 236 - tomorrow’s environments
for 319 - environment and plant ecosystems
soils 303 - soil fertility and fertilizers
soils 304 - soils conservation and management
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*six hours of course work must be at the 300 level .
in the fall of 2004 a new system of course numbering was initiated . 
however, as a follow-up to the previous history that ended in 1997, 
following is a list of tsm courses from 1997 to 2004 . each entry con-
tains the course name and number, the instructor who developed the 
course and date (if it is a new course) names of other instructors of the 
course and date when discontinued .
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the final result of these course changes in 2004 was a program of 
study as follows:

Exhibit 3.8.  Major in Technical Systems Management 
from 2006

MAJOR IN TECHNICAL SYSTEMS MANAGEMENT

For the Degree of Bachelor of Science with a Major in Technical  
Systems Management

this major in technical systems management is designed to pre-
pare students as problem solvers for systems involving the application, 
management, and/or marketing of agricultural engineering technolo-
gies . students are instructed in engineering and business principles in 
preparation as technically competent business persons for professional 
careers as entrepreneurs, marketing representatives, or plant managers 
working with service organizations, manufacturers, corporate farms, 
retail dealers, power suppliers, contractors, or management companies 
from production through processing and distribution .

students can specialize in mechanization, marketing, and technical 
systems; production systems; or environmental systems by selection 
of specific electives .

Prescribed Courses Including Campus General Education

 hours composition i and speech 
 4 rhet 105 - principles of composition or equivalent 

(see college composition i requirement) and
 3 cmn 101 - public speaking
  or
 3 cmn 111 - oral and Written communication i and 
 3 cmn 112 - oral and Written communication ii 

 hours advanced composition
 3-4 select from campus approved list .

 hours cultural studies: two courses; one Western culture and 
one non-Western/us minority culture course .
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 hours foreign language: coursework at or above the third 
level is required for graduation .

 hours Quantitative reasoning i
 4 math 234 - calculus for business i, or equivalent

 hours Quantitative reasoning ii
 3-4 introductory statistics . see department for approved list .

 hours natural sciences and technology
 4 chem 102 - general chemistry i, and chem 103 - 

general chemistry lab i
 5 phys 101 - college physics mech & heat
 4-5 phys 102 - college physics, e & m & modern, or 

chem 104 - general chemistry ii and chem 105 - 
general chemistry lab ii 

 3-5 biological sciences (see campus approved list)

 hours humanities and the arts  
 6 select from campus approved list .

 hours social and behavioral sciences
 4 ace 100 - agr cons and resource econ 
 3 econ 103 - macroeconomic principles
 3-4 social and behavioral sciences elective . select from 

campus approved list . 

 hours aces prescribed 
 2 aces 101 - contemporary issues in aces

 hours tsm required 
 3 ace 161 - microcomputer applications or equivalent
 3 accy 200 - fundamentals of accounting or accy 

201 - accounting and accountancy, i
 4 cpsc 112 - introduction to crop science
 4 nres 201 - introductory soils
 3 tsm 100 - technical systems in agr
 2 tsm 430 - project management



 18 tsm elective courses . a total of 18 hours selected from 
the following courses . a minimum of six hours must 
be selected from tsm 295 or 396, or at the 300- or 
400-level .
tsm 199 - undergraduate open seminar 
tsm 232 - materials and construction sys 
tsm 233 - metallurgy, & Welding processes 
tsm 234 - Wiring, motors, and controls sys 
tsm 262 - off-road equipment management
tsm 295 - undergrad research or thesis
tsm 352 - land & Water mgt systems 
tsm 363 - fluid power systems 
tsm 371 - residential housing design 
tsm 372 - structures and env systems 
tsm 381 - grain drying, & storage systems 
tsm 396-ug honors research or thesis 
tsm 435 - elec microcomputer ctrl sys 
tsm 464 - engine and tractor power 
tsm 465 - chemical applications systems 
tsm 496 - independent study 
tsm 499--seminar 

 hours specialization electives 
 15 choose from the following: 

ace 210 - environmental economics
ace 222 - agricultural marketing
ace 231 - food and agribusiness mgt
ace 232 - management of farm enterprises
ace 303 - rural taxation
ace 310 - natural resource economics
ace 320 - commodity marketing
ace 332 - farm management
ace 340 - agricultural finance
ace 403 - agricultural law
ace 406 - environmental law
ace 428 - commodity futures and options
ace 448 - rural real estate appraisal
ace 456 - agr and food policies
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agcm 370 - ag sales communications
agcm 380 - leadership development
ansc 213 - beef and swine management
ansc 321 - animal nutrition
ansc 467 - applied animal ecology
badm 300 - legal environment of business
badm 301 - summary of business law
badm 310 - mgt and organizational behavior
badm 311 - individual behavior in orgs
badm 320 - principles of marketing
badm 322 - marketing research
badm 374 - management decision models
badm 375 - business process management
badm 376 - enterprise proc integr & dymm
badm 445 - small business consulting
badm 446 - entrepreneurship sm bus form
btW 271 - persuasive Writing
cee 330 - environmental engineering
cpsc 226 - introduction to Weed science
cpsc 414 - forage crops and pastures eco
cpsc 418 - crop growth and management
cpsc 477 - biol control on insect pests
envs 336 - tomorrow’s environment
fin 221 - corporate finance
fin 341 - fundamentals of real estate
hort 364 - vegetable crop production
nres 419 - env and plant ecosystems
nres 474 - soil and Water conservation
nres 488 - soil fertility and fertilizers 

 hours open electives 
 17-23  additional free elective courses selected to meet the 

required 126 hours for graduation .
 126 total credit hours required for the b .s . degree .



Minor in Technical Systems Management 

note: this minor has prerequisites of a minimum of 60 hours with 
a 2 .5 gpa; completion of math 234 or equivalent; physics 101 or 
equivalent; chemistry 102 and 103 or equivalent; and physics 102 or 
chemistry 104 and 105 or equivalent .
 hours minor required
 3 tsm 100--technical systems in agr 
 15 fifteen hours, at least six of which must be at the 400 

level
tsm 232 - materials and construction sys
tsm 233 - metallurgy, & Welding processes
tsm 234 - Wiring, motors, and controls sys
tsm 262 - off-road equipment management
tsm 352 - land and Water mgt systems
tsm 363 - fluid power systems
tsm 371 - residential housing design
tsm 372 - structures and env systems
tsm 381 - grain drying, & storage systems
tsm 435 - elec microcomputer ctrl sys
tsm 464 - engine and tractor power
tsm 465 - chemical applications systems
tsm 496 - independent study 

 18 total hours required
a minor in agricultural safety and health was recently approved for 
inclusion in the tsm program and is described as follows:

Exhibit 3.9.  Agricultural Safety and Health Minor 
Programs

Agricultural Safety and Health Minor Programs and Requirements

the minor in agricultural safety and health is designed to provide 
students with a strong understanding of the occupational safety and 
health issues facing production agriculture . the program will familiar-
ize students with the primary injury control methodologies of behav-
ioral persuasion, engineering design, and regulation or enforcement 
and their related strengths and weaknesses of effecting injury and oc-
cupational illness rates among agricultural populations . they will also 
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develop a strong understanding of safety risk management . a minor in 
agricultural safety and health would benefit most students who intend 
to pursue any type of agricultural or rural health profession . there are 
no prerequisites for the minor .
requirements: a minimum of 18 hours must be completed for this 
minor .
 hours required courses for agricultural safety and health 

minor
 3 tsm 421 - ag safety-injury prevention
 3 tsm 422 - ag health-illness prevention
 3 tsm 425 - managing ag safety risk
  a minimum of 3 credit hours is required from the 

following courses:
 1-4 tsm 293 or abe 293 - off-campus internship
 1-4 tsm 295 or abe 396 - undergraduate research 

thesis
 1-4 tsm 496 or abe 295 - independent study
  a minimum of 6 credit hours selected from:
 3 chlh 101 - introduction to public health
 3 chlh 244 - health statistics
 3 chlh 274 - introduction to epidemiology
 4 chlh 304 - foundations of health behavior
 3-4 chlh 469 - environmental health
 4 chlh 474 - principles of epidemiology
 4 chlh 540 - health behavior-theory
 3 eohs 400 - principles of environmental health 

sciences (uic Web)
 2 eohs 421 - fundamentals of industrial hygiene (uic 

Web)
 3 fshn 480 - basic toxicology
 3 hdfs 105 - intro to human development
 4 hre 415 - diversity in the Workplace
 4 hre 585 - program evaluation
 3-4 ie 440 - occupational biomechanics
 3 ie 442 - safety engineering
 3-4 Kin 262 - motor develop, growth & form
 3-4 Kin 454 - growth & physical development
 4 psyc 100 - intro psych



 4 psyc 103 - intro experimental psych
 4 psyc 358 - human factors
 3-4 psyc 456 - hum perf and eng psych
prerequisites for the minor: any student who has completed at least 30 
credit hours of course work with a minimum gpa of 2 .5 or consent 
from program director may apply for the minor . there are no other 
specific prerequisites .

MS DEGREE IN TSM

a master of science degree with a major in technical systems man-
agement and an optional graduate concentration in the professional 
science master’s program was initiated during the 2010-2011 academ-
ic year as follows:

Exhibit 3.10. Master of Science in Technical Systems 
Management

the master of science in technical systems management (tsm) serves 
students seeking a post-graduate degree as an enhanced preparation for 
a career in agricultural and biological technical systems management . 
it will provide exposure to faculty and industry research in agricultural, 
construction and environmental systems, equipment and food indus-
tries, or environmental protection and safety . 

additionally, a non-thesis master of science (m .s .) degree program 
with a major in technical systems management is offered through the 
university of illinois’ professional science masters (psm) initiative . 

Degree Requirements

for the tsm m .s ., required courses for all graduate programs include 
tsm 501 and tsm 502, one course in statistics, one course in research 
methods including experimental design and one 500 level course (in 
the elective list) are required .

Master of Science, Technical Systems Management

the completion of 33 hours (25 h formal course and 8 h research) and 
the preparation and defense of a thesis involving an analytical or ex-
perimental investigation (which satisfies 8 hours of credit) are required 
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of m .s . candidates in both degree programs unless a waiver of thesis 
is granted . at least 12 hours for the m .s . degree must be in 500-level 
courses and 8 hours must be in the program rubric . candidates who 
are permitted to pursue a non-thesis degree must complete a mini-
mum of 36 hours . non-thesis tsm graduate students pursuing the 
professional science masters (psm) option are required to complete 
the psm concentration courses (ten additional credit hours, totaling 
42 credit hours) . students may concentrate study in one of the areas 
of research specialization listed below . supporting coursework options 
include: mathematics; computer science; statistics; engineering me-
chanics; civil and environmental engineering; electrical and computer 
engineering; mechanical engineering; industrial engineering; general 
engineering; natural resources and environmental sciences; agricultural 
communication; agricultural education; food science and human nu-
trition; animal sciences; agricultural and consumer economics; business 
management; finance; labor and industrial relations; crop sciences and 
other appropriate fields . 

curriculum for the m .s . degree with a major in technical systems 
management (tsm) .

the m .s . degree with a major in technical systems management 
has the following course work that must be completed by all students 
to fulfill the degree requirements with a minimum of 12 credit hours 
required at the 500-level:

Core Requirements

tsm 501 graduate research i 
tsm 502 graduate research ii 
tsm 594 graduate seminar
one course in statistics 
one course in research methods

Technical Systems Management M.S. Degree Electives: (minimum 3 
credit hours are required)

tsm 421 ag . safety-injury prevention
tsm 422 ag . health-illness prevention
tsm 425 applying safety interventions
tsm 435 electronic microcomputer control systems



tsm 436 renewable energy systems
tsm 455 erosion and sediment control
tsm 464 engine and tractor power
tsm 465 chemical application systems
tsm 486 grain bioprocessing coproducts
nres 510 adv natural resource economics 
te 461 technology entrepreneurship
te 560 managing advanced technol i
te 561 managing advanced technol ii
up 546 land use policy and planning

Curriculum for the M.S. Degree with a Major in Technical Systems 
Management and Concentration in Professional Science Masters 
(PSM).

the m .s . degree with a major in technical systems management and 
concentration in psm curriculum has the following three categories 
of coursework that must be completed by all students to fulfill the de-
gree requirements:

1 . core requirements:

tsm 501 graduate research i 
tsm 502 graduate research ii
tsm 594 graduate seminar
one course in statistics 
one course in research methods

2 . technical systems management m .s . degree electives: (minimum 3 
credit hours are required)

tsm 421 ag . safety-injury prevention
tsm 422 ag . health-illness prevention
tsm 425 applying safety interventions
tsm 435 electronic microcomputer control systems
tsm 436 renewable energy systems
tsm 455 erosion and sediment control
tsm 464 engine and tractor power
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tsm 465 chemical application systems
tsm 486 grain bioprocessing coproducts
nres 510 adv natural resource economics 
te 461 technology entrepreneurship
te 560 managing advanced technol i
te 561 managing advanced technol ii
up 546 land use policy and planning

3 . psm concentration requirements - 10 hours of coursework re-
quired for all students in the program that provides business fundamen-
tals, as part of the proposed campus-wide psm initiative . 

Key Features of the PSM Concentration to be Coupled with the 
Proposed M.S. Major in Technical Systems Management Required 
Courses

there are three components of the psm concentration:
1 . business curriculum (courses listed in table below)
2 . industry seminar series (psm 501, 502, and 503)
3 . internship (psm 555)
business curriculum (10 hours)
the business curriculum is a sequence of eight courses jointly deliv-
ered by the school of labor and employment relations (ler) and the 
college of business . these courses, common across all psm programs, 
are intended to provide psm students with core business knowledge 
and skills . the business curriculum totals 10 semester credit hours in 
an intensive, focused delivery . the requirements are summarized below .



te
rm

 /
 s

em
es

te
r 

c
ou

rs
e 

t
itl

e 
in

st
ru

ct
io

na
l u

ni
t 

c
re

di
t 

h
ou

rs
1 

- 
fa

ll 
ps

m
 5

10
 

m
an

ag
er

ia
l a

cc
ou

nt
in

g 
b

us
in

es
s 

1
1 

- 
fa

ll 
ps

m
 5

11
 

fi
na

nc
ia

l m
an

ag
em

en
t 

b
us

in
es

s 
1

1 
- 

fa
ll 

ps
m

 5
12

 
pe

op
le

 a
nd

 t
ec

hn
ol

og
y 

at
 W

or
k 

le
r

 
2

2 
- 

sp
ri

ng
 

ps
m

 5
20

 
te

ch
no

lo
gy

 m
an

ag
em

en
t 

b
us

in
es

s 
1

2 
- 

sp
ri

ng
 

ps
m

 5
21

 
st

ra
te

gi
c 

d
ec

isi
on

 m
ak

in
g 

b
us

in
es

s 
1

2 
- 

sp
ri

ng
 

ps
m

 5
22

 
h

um
an

 r
es

ou
rc

e 
m

an
ag

em
en

t 
fo

r 
 

 
 

sc
ie

nt
ist

s 
an

d 
e

ng
in

ee
rs

 
le

r
 

2
3 

- 
fa

ll 
ps

m
 5

30
 

e
nt

re
pr

en
eu

rs
hi

p 
b

us
in

es
s 

1
3 

- 
fa

ll 
ps

m
 5

31
 

m
ar

ke
tin

g 
b

us
in

es
s

 
1

teaching programs  | 85



86 | agricultural and biological engineering at illinois

industry seminar series (0 hours)

the industry seminars provide opportunities for intellectual and social 
engagement for students across illinois psm programs . the seminars 
extend the professional preparation provided in the business curricu-
lum . a key element of the seminar is invited guest lecturers in signifi-
cant science-related leadership roles from business, industry, and gov-
ernmental organizations . all psm students will enroll in a common 
seminar each semester, blending students from multiple disciplines to 
explore issues in common . psm students will enroll in the seminar 
each semester in which they are enrolled in the cohort program (psm 
501, 502 and 503, respectively), excluding summer . 
internship (0 hours)

the internship is judged a necessary component of a professional 
graduate degree program whose goal is to produce graduates proficient 
in their science area of study with the knowledge, skills, and abili-
ties to apply their proficiency to managerial and leadership challenges 
of business, government, and not-for-profits . in consultation with the 
program coordinator, students find internship companies and positions 
that match their individual career objectives and meet the learning 
goals of the program . the student bears the principal responsibility for 
securing the internship . 
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S
tudents are the lifeblood of the department and the primary rea-
son for the department to exist . in addition to classroom stud-
ies, students engage in extra-curricular activities . most of these 

activities are carried out through student clubs . the abe department 
has three student clubs . the illinois student branch of the asabe is 
primarily for engineering students in the abe department . it first met 
in 1934 . the illinois ag mech club is primarily for abe students in the 
tsm curriculum . it was formed in 1960 . alpha epsilon is the honor 
society for abe engineering students . it was formed in 1963 .

ASABE Illinois student branch

the asabe-illinois branch student club member numbers varied 
over the years . during 2003-2005, the club membership dropped a lit-
tle; however, more students participated in more recent years and with 
a lot of enthusiasm . the club held its monthly meetings first Wednes-
day of every month until 2009, when the club shifted its meeting to 
the second Wednesday of every month . then the club went back to 
meeting on the first Wednesday every month . meetings are held on in 
204 aesb with a follow up dinner either in the aesb courtyard or 
in room 217 aesb . the format is similar for each meeting – a busi-
ness meeting is followed by a 20-30 minute presentation by an invited 
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speaker and then dinner . frequently, speakers for club meetings have 
been alumni who come back to talk about their career experiences . 
speakers from campus and companies provide additional speakers at 
club meetings . several times the two student clubs (asabe and the 
illini ag mechanization) have organized to have a speaker with a joint 
meeting . attendance at each monthly club meeting varies from about 
20-50 . faculty and staff are invited to attend and have the evening meal 
with the students .

the club organizes field trips to businesses and companies of inter-
est for club members and faculty members . in recent years, the club 
actively participated in a midwest regional rally - a joint meeting of 
all the asabe student branches from the midwest land grant uni-
versities . the illinois asabe club hosted the midwest regional rally 
twice during the last six years, most recently one in the 2010 spring 
semester . about 5 to 10 student members from each of the midwestern 
universities participate in these rallies, that last for two days . they tour 
university/local facilities/ business /industries, share common experi-
ences, provide networking opportunities, play games, and interact with 
professionals . 

to provide for more leadership opportunities, the club elects new 
officers each semester . club officers are listed in tables 4 .1a to 4 .1d . 
however, the treasurer is elected for a whole year to provide continu-
ity for the campus registered student organization requirements . the 
club is actively involved in the engineering council and the college 
of aces activities . drs . Qin Zhang and leslie christianson served as 
the club advisors until 2000, and dr . prasanta Kalita has been serving 
as the club advisor since 2000 . in 2009, the club also elected dr . grace 
danao as a co-advisor . 

the club’s largest fundraising activity is the annual spring “lawn-
mower summarization” held in late april . townspeople are invited to 
bring their lawnmowers to the abe department for servicing and pay 
a fee for the service . in 2010, the club had more than 75 lawnmowers 
to service . club members get together for several days to organize this 
event . this activity is a fun event and always provides opportunity for 
freshmen and transfer students to get to know and work with other 
members of the club, faculty and the club’s advisors .

other club activities include attending and displaying at engineer-
ing open house, exploraces, aces phone-a-thone, polo shirt 
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sales, philanthropy works (roadside clean-ups, gift sponsor, food drive, 
and special projects like illini pullers Quarter scale tractor design and 
asabe fountain Wars . additional activities include attending asa-
be annual international meetings (about 10 student members attend 
every year), asabe sectional meetings, fall picnic, hog roast, annual 
christmas party and winter ski trip the club is primarily responsible 
for organizing the annual abe spring banquet . the banquet is held at 
the i-hotel and is attended by club members, parents, alumni, faculty 
and staff, and scholarship donors . this is the primary event for awarding 
scholarships and recognition of students and faculty . the club has con-
tinued submitting an entry into the emi/aem report competition . 
for the last few years, the club is always in the top 3 award winners in 
this competition . 

the club’s work has been recognized by peers with national awards . 
in 2003, the club earned national championship award in asabe 
fountain War competition . the illini pullers ¼ scale tractor team has 
earned championship awards in 2010; other prestigious awards in re-
cent years . several club members earned fist, second, and third place 
awards at the campus-wide eoh and exploraces competitions . in 
2008, the club members were awarded a us-epa grant to travel and 
conduct research in india . 

the club membership has been increasing in the past 3 years with 
increasing female members . although primarily consisting of abe stu-
dents, the recent trend shows increasing numbers coming from diverse 
academic programs on campus . the club has an excellent reputation on 
campus and nationally . almost every year, one club member is elected 
to serve in the national asabe student organization . the quality, di-
versity, and activities of club members are on the rise . 

AGMech Club

agmech club meetings are held on the first Wednesday of each month 
in the aesb . club membership dropped a little, but there is still a lot 
of enthusiasm . frequently speakers for club meetings have been alumni 
who come back to talk about their career experiences . speakers from 
campus and companies provide additional speakers at club meetings . 
several times the two student clubs have shared a speaker with a joint 
meeting . after each meeting, the club members adjourn to rm 119 
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for a meal and soda from the refrigerator . sometimes it’s a cooked meal 
and sometimes, depending on the weather, pizza .

the club arranges for field trips to businesses and companies of in-
terest to club members, farm progress shows, and the gordyville farm 
show . the illini ag mech club has continued many of activities from 
years past .

the club is very involved in the college of aces freshmen wel-
come . club members set up a display, wear their club polos and explain 
club activities to newly arrived freshmen .

the club continued to help dr . siemens cook chicken for the abe 
picnic until the picnic at the park gave way to the picnic being held in 
aesb . both student clubs continue to provide support for the picnic .

the club’s big fundraiser is the lawnmower Winterization project 
held in early november . club members get together for several days to 
winterize lawnmowers for members of the community . this fall activ-
ity is always a good chance for new freshmen and transfer students to 
get to know other members of the club, faculty and the club’s advisors .

every february, the club still attends the friday night tractor pulls 
in louisville and then visits the national farm equipment show on 
saturday .

the club has continued submitting an entry into the emi/aem 
report competition . While not as successful as in the past, the club is 
always in the top 3 .

the club continued to cook and sell chicken and bratwurst sand-
wiches at aces open house as fundraiser and community service 
project, until aces open house was re-formatted into explore aces . 
the club activities during explore aces are more aimed at recruiting 
potential students by answering questions and tours of room 119 .

much of the work for the department awards banquet is done by 
the two student clubs . scholarships and awards are given to students by 
other students . a very well done slide show has evolved to a power-
point show featuring both clubs’ activities . 

the reading day golf outing has continued, but has become more 
informal and spontaneous . trash talking and looking for lost golf balls 
continue to be golf outing mainstays .

the club’s community service projects have included making elec-
trical kits for high school students to learning about electricity; re-
building playground equipment at a church; helping to host the state 



ffa welding and electrical competition in rm 119 and coat drives .
dr . benson and dr . buriak, illini ag mech club advisors and faculty, 

retired during this time . the club’s new advisors are dr . Joe harper and 
randy fonner . a list of club officers is given in tables 4 .2a to 4 .2d .

ALPHA EPSILON Honor Society

the alpha epsilon honor society was formed in 1963 by agricultural 
engineering departments in missouri, minnesota, illinois, arkansas, in-
diana and virginia . it has since expanded to include most of the univer-
sities participating in asabe . alpha epsilon goals are to promote the 
high ideals of the engineering profession, to give recognition to those 
biological and agricultural engineers who manifest worthy qualities 
of character, scholarship and professional attainment, and to encour-
age and support such improvements in the agricultural and biological 
engineering profession that make it an instrument of greater service 
to mankind . the illinois chapter of alpha epsilon is designated as the 
delta chapter . 

the delta chapter typically sponsors two blood drives each year, 
volunteers to assist with engineering open house, the relay for life, 
and other community activities such as toy and clothing drives during 
the christmas season .

the delta chapter won first place in the most outstanding chapter 
competition in 2001 . in 2004, the chapter won second place . in 2006, 
the delta chapter was again recognized as the most outstanding chap-
ter . in 2007, the delta chapter was recognized as the most improved 
chapter . 

new chapter officers are elected each year . tables 4 .3a to 4 .3d con-
tain a list of chapter officers . 

STUDENT Awards and scholarships

all three departmental clubs participate in the annual awards banquet . 
table 4 .4 is a list of abe students winning asabe awards during the 
time period, 1997 to 2009 . table 4 .5 is a list of other important award 
won by abe students during the same time period . tables 4 .6a and 
4 .6b contain lists of scholarships awarded during the annual awards 
banquets in the period, 1997 to 2009 .
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5  |  r e s e a r c h  p ro g r a m s

I
n the early years of the abe department, funds from the federal 
hatch act provided the support for most of the department re-
search . in recent decades, however, the hatch funding that was pro-

vided was less than the rate of inflation and hatch funds gradually 
became insufficient to mount strong research programs . however, the 
need for research continued, not only to solve societal problems but 
also to support graduate students without whom the future would be 
bleak . in response to the diminishing hatch funds, departmental faculty 
members took on a new responsibility in addition to teaching, advis-
ing graduate students and conducting research . that new responsibility 
was to write research proposals and submit them to funding agencies 
to garner the financial support needed for research . by 2010, virtually 
all of the abe department research was being supported by such grant 
funds .

for many years, the abe department has had technical interest ar-
eas in which students could specialize . in 2009, the five areas were 
bioenvironmental engineering (bee), biological engineering (bioe), 
food and bioprocess engineering (fbe), off-road equipment en-
gineering (oree), and soil and Water engineering (s&W) . research 
results are reported below under the technical interest areas . in most 
cases, research by a faculty member is reported below under the area 
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in which he or she is appointed . however, cooperation between divi-
sions was encouraged . thus, for example, although John reid worked 
in the oree area, he also used his machine vision expertise to solve 
problems in the fbe and the s&W areas and the results are reported 
under those areas . in addition, the reader will notice that many proj-
ects included participation by researchers from other departments on 
campus and even by researchers from other institutions . also, there is a 
separate section below on nanotechnology . in 2009, this was a relatively 
new research area for the abe department and a significant amount of 
nanotechnology research is reported below that was not necessarily a 
part of the research in the five technical areas .

Research – Soil and Water Resources

soil and water, two of the basic natural resources that are important to 
agriculture, have been the focal point of investigations since agricultur-
al research began . research in the area of agricultural engineering has 
dealt with the conservation of these resources as well as with drainage 
and irrigation to improve the environment for plants, the movement 
of water across or through the soil, and the structures used to protect 
the soil or impound water . recently studies have placed less emphasis 
on those subjects described in the previous history and more emphasis 
on water quality and amelioration of contaminants in surface and sub-
surface waters . 

Erosion Control

Kent mitchell, michael hirschi and greg mcisaac continued research 
started in the 1980s and in 1996-1998 reported on the control, pre-
diction, economics, and environmental effects of soil erosion . y . Zhao 
assisted in these efforts . the project was funded by the university of 
illinois and the usda . dissolved phosphorus was measured in runoff 
from simulated rainfall applied to two soils and several tillage treatments 
used in an annual crop rotation of corn and soybeans . the average con-
centration and load of soluble p in the runoff were significantly greater 
from the no-till than from other tillage treatments . only moldboard 
plowing after surface broadcasting of p fertilizer reduced the soluble 
p concentration below 0 .05 mg-p/l . for the catlin soil, a variety of 
tillage practices (disk, field cultivation, and strip-till) appeared to result 



in soluble p concentrations of approximately 0 .14 mg-p/l . for the 
tama soil, disk-harrow followed by field cultivation and harrow after 
fertilizer application appeared to reduce soluble concentration in the 
runoff to approximately 0 .06 mg-p/l . simulated rainfall was applied to 
several tillage systems on two soil types at slopes ranging from 1 .6% to 
10% . soil profiles were measured using a pin-type rill meter . on catlin 
soils, rills widened as erosion progressed . on tama soils, rills deepened 
as erosion progressed . elliott’s (1988) equation was a better predictor of 
rill widths . for tillage systems with crop residue ranging from 15% to 
54% in the tama soil, both equations underestimated rill . the follow-
ing year, soil losses from four illinois soils under simulated rainfall were 
measured, along with variables affecting soil loss . these included soil 
moisture, bulk density, soil aggregations stability, raindrop fall velocity, 
and drop size distribution . equations relating soil loss as a function of 
raindrop kinetic energy, and soil clay content and organic matter were 
developed for tama, catlin, cisne and plainfield soils .

using funding from the u .s . army construction engineering re-
search laboratory, prasanta Kalita and michael hirschi did an evalua-
tion of range design relative to combat readiness and environmen-
tal risks from 2004 to 2008, assisted by n . g . svendsen, b . r . tadlock, 
and l . schutte . training and testing ranges on u .s . army installations 
are essential for combat readiness of military personnel . a wide variety 
of range types are needed to provide realistic training conditions . prob-
lems such as soil erosion, water quality degradation, air quality degrad-
ed by dust, wildfires, smoke, obscurants, and heavy metal accumulations 
from live fire activities were addressed at u .s . army installations . the 
objective was to analyze training and testing range design with respect 
to mission, environmental degradation, regulatory noncompliance and 
long-term operations and maintenance requirements .

Drainage

illinois c-far supported research from 1999-2002 by richard cooke, 
michael hirschi and Jay davis, assisted by a . m . garcia, W . J . northcott 
and a . K . verma, on aerial infrared mapping of subsurface drainage 
systems . the goal was to provide maps that show the layout of subsur-
face tile systems in the lake decatur watershed . mapping relies on the 
soil over working tile lines drying faster than at other locations in the 
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field, resulting in higher reflectance in the infrared region of the radia-
tion spectrum .

richard cooke conducted a university of illinois-funded project 
on evaluating preferential flow paths in sludge-amended soils in 
1996-1997 . the goal was to characterize the effects of preferential flow 
paths in sludge-amended soils . drain flows from sludge-amended and 
non-amended plots were monitored to test the equivalence of infiltra-
tion rate, permeability and effluent water quality . temporal variations 
in permeability of soil cores were evaluated when the cores were sub-
jected to water quality variations covering the range of ionic strength 
of divalent cations measured in leachate from municipal sludge .

richard cooke and Kent mitchell conducted a project from 1996-
1999 on the effect of Water table management on productivity and 
Water Quality assisted by a . K . verma and v . m . Kurian . the project 
was funded by the university of illinois and the usda . the primary 
objective was to optimize the performance of subsurface drainage sys-
tems by mapping existing drainage systems and estimating the regions 
of influence of tiles .

richard cooke, greg mcisaac, and s . e . Walker, in work supported 
by the usda, studied evaluation of Water Quality from alternative 
cropping systems using a multiple-paired design . the objective of 
this study in 1998-2000 was to quantify tile drain effluent under or-
ganic and conventional cropping practices in illinois . organic systems 
were paired with conventional systems with similar soils, crops, drain-
age system size and climate . pairing eliminates major sources of exter-
nal variability and allows broadening of the range of applicability of 
findings .

the case corporation funded research in 1998-2004 by richard 
cooke and prasanta Kalita on effect of drainage system layout on 
yield, yield uniformity, and Water Quality . they were assisted by s . 
e . Walker, a . K . verma, W . J . northcott, c . harbourt and K . Kim . the 
overall goal of this research was to improve the characterization of sub-
surface drainage processes in tile drained watersheds and to quantify 
the effect of several depth and spacing combinations on yield, yield 
uniformity, and water quality . in the long run, the results can be used 
to select subsurface drainage management practices that optimize yield, 
water quality, or both . 

in 2005 to 2008 the natural resource conservation service and 



the ars soil drainage unit provided funding for richard cooke 
for an illinois conservation drainage research and demonstration 
Watershed project . the purpose was to provide a showcase watershed 
for drainage water management and other environmentally-friendly 
drainage practices; to conduct research on stream flow, water quality, 
controlled drainage and bioreactors; to collect data for modeling flow 
and transport in a tile-drained watershed; and to work with local stake-
holders to promote conservation drainage .

richard cooke used university of illinois funding in 2006 to 2008 
to study development of conservation drainage in illinois assisted by 
a . rodrigue, J chun and d . goswami . the goal was to test the hypoth-
esis that differing drainage systems with equal drainage capacities may 
differ in their effect on water quality . other goals were to determine 
design configurations that optimize crop production while minimizing 
environmental impacts and to involve producers, drainage contractors, 
educators and local conservation personnel in drainage research .

illinois c-far supported research by richard cooke, sharyl Walk-
er and michael hirschi, assisted by W . J . northcott, K . i . christopher, 
J . K . mitchell, and J . K . Zuercher, from 1999 to 2000 on effectiveness 
of controlled drainage on poorly drained soils in illinois . the hy-
pothesis was that use of controlled drainage systems on poorly drained 
soils will reduce the concentrations of nitrate in the effluent without 
reducing crop yield . paired tile drains, one conventional and one with 
controlled drainage, were monitored . the tiles in each pair had similar 
soils, crops, size and climate .

richard cooke used funding in 2004 to2006 from the natural re-
sources conservation service to study the effect of drainage Water 
management on tile Water Quality . the goal was to test the hypothesis 
that drainage water management will reduce the loadings of nitrates 
and phosphorous from tile drainage systems without reducing crop 
yield . over a three-year period, effluent from a pair of fields was con-
tinuously monitored . the pair consisted of two 40-acre, side by side 
fields with similar soils, crops and climate . pairing reduced external 
variability, thus reducing the time required to draw conclusions .

the usda agricultural research service funded research from 
2004 to 2008 by richard cooke, assisted by t . a . Wildman and a . 
rodrigue, on amount, timing and Quality of Water coming from 
managed (controlled) and unmanaged drainage systems in illinois . 
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flow was monitored and flow-weighted water quality samples were 
obtained from managed and free-drainage systems on a range of soil 
types in various locations in illinois . using the resulting data, manage-
ment criteria were developed for drainage water management systems .

Hydraulics

in a project funded by the university of illinois and the usda, mi-
chael hirschi, Kent mitchell and richard cooke studied the impact of 
agricultural systems on surface and ground Water Quality in 1996-
1997 . n . Jiang studied two small-scale sediment-trapping controls, filter 
fabric (also called a silt fence) and a rock check dam were evaluated 
for their sediment trapping characteristics . a unified conceptual model, 
using orifice flow relationships, showed promise for describing both 
control structures . hydraulic capacity determinations, based on design 
runoff events, lead to recommendations for contributing area limits 
based on structure size . specifications for such control structures were 
needed by erosion control practitioners and were requested by soil 
conservation agency personnel .

Hydrology

ron bingner completed a study in 1999, supported by the sedimen-
tation laboratory, asr, usda, that involved the development of a 
model to simulate, for long term analysis, runoff, sediment yield, and 
channel characteristics such as bed material or cross section changes, 
for complex, ungaged watersheds containing various crops, soil types, 
slopes, channel sizes, levels of conservation management and instream 
erosion control structures . temporal and spatial variations of a rainfall 
event were also considered so the response of the watershed could 
be accurately modeled . channel processes were incorporated into a 
comprehensive model to evaluate the effects of man-made and natural 
changes to the channel system . data from the extensively instrumented 
goodwin creek Watershed in northern mississippi were used to vali-
date the model . the model was then used to simulate the response of 
the watershed to various conservation and instream erosion control 
management practices and the effect of these practices on the entire 
watershed system . the techniques used in the development of the da-
tabase and modifications of the model can be used for understanding 



watershed management practices on other watersheds .
prasanta Kalita, richard cooke, michael hirschi and r .J . hudson, 

assisted by t . Wildman, J . nelmelman, K . Kim, K . s . lander, d . dupre, a . 
Kaleita, and d . goswami, conducted a project on understanding hy-
drologic and Water Quality response of a tiled Watershed from 2003 
to 2008 . the work was supported by the usda and by the national 
research initiative competitive grants program . tile-drained water-
sheds contain much of the productive agricultural land in the north 
central united states, yet the hydrology of these watersheds is not well 
understood . this study initiated a new dimension for watershed man-
agement to improve water quality in tile-drained watersheds . once 
the techniques and relationships were validated, an estimate of total 
maximum daily load (tmdl) to a surface water source was available 
through simple and accurate means . overall, the results of this study 
will be utilized for better management of agricultural practices in east 
central illinois and similar areas with tile drained watersheds .

a project on modeling flood flows in flat, tile-drained Water-
sheds was funded by the illinois groundwater consortium and was 
conducted by richard cooke in 1997 to 1999, assisted by s . e . Walk-
er, J . K . mitchell, m . c . hirschi, g . f . mcisaac and a . K . verma . most 
flood flow models do not have the capability of including subsurface 
drain flow . drain flow models, on the other hand, are mainly field-scale 
models that are virtually impossible to apply at a watershed scale . this 
project addressed the development of a composite model in which a 
subsurface drainage model was subsumed into a flood flow model to 
achieve better prediction of flood peaks and of flood water quality .

richard cooke and William northcott, assisted by a . K . verma, s . 
e . Walker, J . K . mitchell, s . m . badiger, a . m . garcia, K . i . christopher, 
W . J . northcott, K . s . lander, J nehmelman, J . singh and r . J . hudson, 
in work supported by a usda national needs fellowship studied in-
corporation of the effect of artificial subsurface drainage into surface 
Water Quality models in 1999 to 2004 . in illinois, subsurface drains 
provide alternate pathways for solute movement to rivers and streams . 
the goal was to incorporate the effects of such subsurface drains into 
watershed-scale flow and transport models .

nsf funding supported a project by prasanta Kalita and michael 
hirschi, assisted by W . J . northcott, s . e . Walker, J . singh, K . Kim and K . 
i . christopher, in 2001-2006 on dharma: domain specific meta-
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ware for hydrologic applications . many hydrologic models at the wa-
tershed scale are limited in resolution and scope by their computational 
demands . a goal of this project was to build a middleware layer to 
provide the resources for revolutionizing hydrologic modeling . the re-
quired resources ranged from local data to supercomputing power on 
the national computational grid . researchers expanded the applicabil-
ity of the Water erosion prediction project model to large watersheds, 
specifically applying the extended model to the lake decatur Water-
shed in illinois, and enabled the model for predicting erosion within 
the watershed by allowing significantly easier access to computational 
power and data acquisition capabilities .

the usda-foreign agriculture service, the national association 
of state universities and land-grant colleges, the government of in-
dia and the agricultural Knowledge initiative (aKi) program provided 
funding for r .s . Kanwar, prasanta Kalita, r . mohtar, m . Walter and v . 
singh in 2007 to 2008 to initiate an international Water management 
program . the purpose was to build expertise and human capacity in 
both priority areas, capacity building and water management, of the 
u .s .-india aKi competitive grants program . the goals were to de-
velop a consortium of u .s . and indian universities/research insitutes/
ngos; to develop ms and phd sandwich degree programs in inter-
national Water management; and to develop collaborative research pro-
grams on bio-drainage for salinity control and water harvesting tech-
niques for groundwater recharge .

LVR: Hydrology, Drainage, Water Quality

the little vermilion river (lvr) Water Quality project was begun in 
1991 by Kent mitchell, michael hirshi, and a . s . felsot, and contin-
ued under various supporting programs until 2003; with evaluations 
and reporting continuing until 2006 . the project titles supporting this 
work were ‘best management practices (bmps) for controlling field-
to-stream delivery of agrochemicals field validation in the little ver-
milion river Watershed’, ‘management practice effects on nitrate-n 
concentrations in the lvr’, ‘modeling agricultural practices for Water 
Quality improvement using gis’, and ‘understanding and modeling 
the hydrology of tile-drained Watersheds’ . all data were organized 
and stored by Kent mitchell in 2007 and are available for further analy-



ses . the project was supported by the uiuc/illinois agricultural ex-
periment station; the usda hydrologic unit area – ces and nrcs; 
the illinois groundwater consortium; a usda – national research 
initiative; a usda – special research initiative; c-far – projects 
95-89-5 and 99i-021-5; the illinois council on food and agricul-
tural research; and the champaign county soil and Water conserva-
tion district . faculty members prasanta Kalita, richard cooke, Ken 
Konyha, greg mcisaac, sheryl Walker, and Kazimierz banasik contrib-
uted to the project as well as graduate assistants v . m . Kurien, s . Kim, 
K . Kim, W . J . northcott, paul miller, y . yuan, chris harbourt, n . Jiang, 
J . singh, K . p . lander, r . h . mohtar, and a . algoazamy . the overall ob-
jective of the study was to develop strategies that mutually benefit both 
agriculture and water quality in regions where hydrology is strongly 
influenced by subsurface drainage . this was done by monitoring flow 
and water quality from subsurface tile drains in the little vermilion 
river Watershed in illinois . results from field observations have been 
used to develop fundamental relationships describing flow components 
to incorporate in computer simulation models . 

the little vermilion river Watershed is 489 km2 located in east 
central illinois and is terminated by georgetown reservoir, which 
was a drinking water supply . the topography is flat and the watershed 
is characterized by dark prairie soils with poor internal drainage, clas-
sified as silt loam and silty clay loam . approximately 90% of the water-
shed is used for row crop production, primarily corn rotated with soy-
beans and those areas have slopes of 1% or less . seven sampling points 
were established along the little vermilion river, including george-
town lake . flow stage was recorded and water samples were collected 
at intervals following rainfall events and during baseflow (one river 
station was continuous stage monitoring and pump sampling) . Water 
was analyzed for nitrate, phosphate and nine pesticides . eight small sub-
surface drainage systems were selected within the watershed for which 
the exact extent of drainage was known . seven of the sites were in 
corn-soybean production in various combinations, while an eighth site 
was permanent meadow . four surface runoff monitoring stations were 
also established in conjunction with four of the subsurface drainage 
monitoring stations, and surface flow monitoring and pump sampling 
was conducted . tillage practices represented by the seven sites under 
production included no-till, reduced tillage and conventional tillage . 

research programs  | 119



120 | agricultural and biological engineering at illinois

sub-surface drainage (tile) flow was sampled bi-weekly and addition-
al samples were taken during increased flow following major rainfall 
events . these samples were analyzed for nitrate as well as pesticides . 
the sub-surface outflow was monitored continuously with a flume 
and stage recorder . records of agrichemical application to and tillage 
on the monitored fields were maintained . soil sampling was performed 
to provide background and periodic concentration of agrichemicals in 
the field soil . 

the use and loss of nitrogen data have shown that concentrations 
of nitrate differed little among specific sampling locations along the 
river, but they definitely followed a seasonal cycle . nitrate concentra-
tions from tile drains varied considerably between fields depending 
upon cropping management systems used, with concentrations varying 
seasonally as in the river . the effect of the application of broadcast, pre-
plant nitrogen fertilizer is clearly shown in the nitrate-n concentra-
tions from tile drains . the pre-plant anhydrous-n application systems 
with average nitrogen application of 100 kg/ha/yr . had a mean con-
centration of nitrate-n of 16 .8 mg/l while the side-dress and manure 
application systems with average nitrogen application of 85 kg/ha/yr . 
had a mean concentration of nitrate-n of 9 .8 mg/l . the mean con-
centration of nitrate-n from a permanent meadow field was 1 .1 mg/l . 
nitrate-n losses from cropped fields have ranged from 15 to 41 kg/ha/
yr . depending upon the management system . losses from the grassed 
system were 3 .8 kg/ha/yr . and in the most upstream river station was 
12 kg/ha/yr . of nitrate-n .

the drainmod model was used with an optimization routine 
to determine the region of influence of random tile drains . the ran-
dom tile drains in the agricultural fields on drummer/flanagan soils 
in central illinois have an effective region of influence of 328 ft . the 
grass gis was used to explore relationships between watershed 
characteristics and watershed outlet response . a linear model, relating 
field tile flow and watershed soils to outlet flow, was particularly suc-
cessful in predicting 1993 measurements . the root Zone Water Quali-
ty model (rZWQm) does an adequate job of simulating non-extreme 
tile flow events and provides a realistic estimate of crop yield (at least at 
typical fertilizer application rates) . a physically based hydrology model 
to simulate the runoff response from rainfall was developed from the 
framework of topmodel . the model can identify the portions of 



the hydrograph resulting from tile flow, subsurface flow and surface 
runoff . perhaps the most common method for predicting storm runoff 
volume is the scs curve number method . the potential for using wa-
tershed outlet base flow prior to an event as an alternative to five-day 
antecedent rainfall for evaluating the antecedent moisture condition 
of the watershed was studied . Watershed lag time (lag) is an impor-
tant factor in determining the time to peak and the peak value of the 
instantaneous unit hydrograph, iuh . in the procedure of predicting a 
sedimentgraph (suspended sediment load as a function of time) a simi-
lar parameter is the lag time for the sedimentgraph (lags) . 

results of three-year water quality monitoring programs carried out 
in two small, lowland agricultural watersheds of various fertilization 
levels; the upper little vermilion river (ulvr) located in central 
illinois and the Zagozdzonka river located in central poland, were 
analyzed . the watershed with intensive agricultural practice (ulvr) 
generates runoff with higher concentrations of nutrients . nitrate-ni-
trogen losses amount to a significant part (about 15%) of applied total 
nitrogen fertilization in the ulvr . high concentration of p-p04 in 
runoff from Zagozdzonka watershed was also recorded .

Water Quality

John reid and John o’brien, in a study supported by the usda na-
tional needs fellowship and the university of illinois, studied machine 
vision as a sensor for microbial contamination in Water in 1996 to 
1999 . the goal was to evaluate machine vision and image analysis as a 
means of identifying and enumerating pathogenic protozoans such as 
giardia lambia and cryptosporidium in water .

in a project supported by illinois c-far, prasanta Kalita, m .s . 
Kuhlenschmidt, r .d . smith and ted funk, assisted by J . r . trask, s . 
mclaughlin and m . K . patel, in 2001 through 2005 studied an inte-
grated approach to reduce pathogens and nutrients in runoff from 
animal production systems . the goal was to limit the delivery of mi-
crobial pathogens and nutrients from animal production facilities on 
small and midsized farms . the fate of c . parvum and e . coli in surface 
and near-surface was investigated to develop management strategies to 
limit their transport . 

the usda national research initiative provided funding for m . 
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Kuhlenschmidt and prasanta Kalita, assisted by p . c . davidson, in 2007 
and 2008 to study control of cryptosporidium and rotavirus con-
tamination . the goal was to prevent microbial contamination of water 
resources and provide a safe and sustainable environment for animal 
production facilities . in order to design and implement field-applicable 
technology for prevention of microbial contamination, the processes of 
microbial transport in surface and near surface runoff need to be un-
derstood and quantified . the study aimed to indentify and characterize 
critical factors such as soil slope, composition, vegetation and rainfall 
that affect microbe transport and viability .

using funding from the aWWa research foundation project 4101, 
lance schideman, b .J . marinas and d . h . metz began an evaluation of 
granular activated carbon (gac) filter caps for control of disinfec-
tion byproducts and emerging trace organic contaminants in 2008 . 
the feasibility was evaluated of using gac for removal of contami-
nants including endocrine disrupting compounds, pharmaceutically 
active compounds, potential homeland security threats, pesticides and 
disinfection byproduct precursors . industry treatment practices were 
surveyed and bench-scale testing was done to determine the level of 
removal for a broad range of potential water contaminants . novel ad-
sorbents, regeneration techniques, and predictive modeling tools were 
developed and tested .

lance schideman and m .c . White, in 2008, used funding from 
camp, dresser and mcKee to study a mem-brain intelligent infra-
structure system for real-time optimization of membrane treat-
ment systems . genetic algorithms and expert systems were used to 
develop an automated optimization protocol that continually evaluates 
and updates operational setpoints in response to variable influent con-
ditions and other dynamic factors typical of membrane systems used 
for water purification . the goal of the intelligent infrastructure was to 
reduce operating costs, increase reliability and extend equipment life .

the u .s . army corps of engineers construction engineering re-
search laboratory funded research by lance schideman and e . mor-
genroth on evaluation of the performance of hydrogen-enhanced 
reactor treating perchlorate and rdX was begun in 2008 . the proj-
ect compared a pilot-scale anaerobic membrane bioreactor with two 
other bioreactor technologies to treat munitions industry wastewater 
containing perchlorate, rdX and other explosives . the novel mem-



brane bioreactor used hydrogen gas to stimulate autotrophic growth 
for higher degradation rates, lower residuals production and improved 
effluent quality . the goal was to facilitate water reuse in the industrial 
process to save money and reduce environmental impact .

illinois c-far supported research in 2000 to 2003 by richard 
cooke and michael hirschi, assisted by t . Wildman and a . doheny, on 
passive subsurface bioreactors for enhanced edge-of-field treatment 
of tile outflow . the goal was to test the hypothesis that installation of 
passive subsurface bioreactors on tile outlets will reduce the levels of 
nutrients and pesticides in streams and rivers . a laboratory study deter-
mined the substrate (carbon source) that results in the highest removal 
efficiencies for nitrates and phosphorous . a pilot system was established 
for field validation and demonstration .

using funding from the usda and the cooperative state research, 
education and extension service, richard cooke and prasanta Kalita, 
assisted by a . doheny, studied development of design criteria for 
Watershed-scale subsurface bioreactors in 2004 to 2006 . the objec-
tives were to demonstrate the efficacy of passive subsurface bioreactors 
in removing nitrates from the flow from small watersheds, evaluate the 
effectiveness of woodchips from softwoods and hardwoods as carbon 
sources in the bioreactors, and to develop design criteria for subsurface 
bioreactors .

richard cooke, assisted by J . a . chun, used funding in 2005 to 2008 
from the sand county foundation and the agricultural Watershed 
institute to study combined drainage Water management/bioreac-
tor system for improving the Quality of tile outflow . the goal was 
to evaluate the effectiveness and cost efficiency of bioreactors, either 
as stand-alone practices or in combination with drainage water man-
agement systems, in reducing nitrogen discharge from fields with tile 
drains . the results were needed in scaling up a regional initiative to 
reduce nitrogen discharges from agricultural lands while protecting in-
come to landowners and rural communities .

prasanta Kalita and richard cooke used funding from the use-
pa to study an innovative system for bioremediation of agricultural 
chemicals for environmental sustainability in 2007 and 2008 . the ob-
jective was to design, implement, and evaluate a renewable, naturally-
available biofilter to minimize transport of chemicals from agricultural 
fields into surface water sources . a cost-effective design for minimiz-
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ing chemical leaching was preferred over reductions in pesticide and 
chemical application . in addition, this design will allow for sustainable 
agricultural production and technology, while being environmentally 
beneficial to surrounding areas .

the usda and the iowa cattlemen/s association provided funding 
in 2007 to 2008 for prasanta Kalita, ted funk and Xinlei Wang, assisted 
by r . bhattarai and m . K . patel, to study vegetative treatment system 
technology . the performance evaluation of a vegetative treatment area 
(vta) for beef feedlot runoff management was investigated . this is 
probably the southernmost site among all the other experimental sites 
in a multistate effort with significantly different climate, hydrologic, 
and soil conditions . the overall objective of this investigation was to 
evaluate through field monitoring the performance of nonbasin (non-
containment) technologies for the treatment of open feedlot runoff in 
several beef operations in different midwestern states . two nonbasin 
technologies under consideration were infiltration basin followed by a 
vegetative treatment area, and vegetative treatment area only .

OREE research

in the 1990’s, the name of the power and machinery (p&m) area of 
the department was changed to off-road equipment engineering 
(oree) to more accurately describe the activities of the area . the 
research sub areas described below are those that were carried out pri-
marily by department faculty assigned to the oree area, with help 
from students and, in some cases, help from cooperators from outside 
the department . in earlier years, usda personnel housed in the abe 
department were an important part of the departmental research staff . 
some of the usda personnel held courtesy appointments on the abe 
faculty and participated actively in faculty activities, including advising 
graduate students . by 1997, the only such usda employee remaining 
in the abe department was John hummel . hummel’s participation 
with the abe faculty ended in 2000, when he was transferred to co-
lumbia, missouri .

Agricultural safety

in a study funded by usda hatch funds, bob aherin and gerald ris-
kowski designed and tested a system for preventing falls and suffocation 



of persons who enter grain bins . the system, which can be incorpo-
rated into existing or new grain bins, allows workers to accomplish 
needed tasks while providing protection from falling through crusted-
over grain . the grain storage industry was informed of the results .

the primary goal of a study supported by the usda agricultural 
library was to identify current sensor technology capable of detecting 
toxic atmospheres within confined spaces on farms . project participants 
were bob aherin, les christianson, gerald riskowski and randy 
fonner . the study included a world-wide literature review, contacting 
federal and private research laboratories and manufacturers of sensors . 
the final report, released by the usda, identified sensors with the 
greatest potential in agricultural confined spaces .

a four-year study supported by the national institute for occupa-
tional safety and health and by the national farm medicine center 
was aimed at reducing the fatality risk from livestock manure storage 
pits . the study, led by bob aherin and ms student matt robert, un-
dertook to understand the interactions that lead to dangerous concen-
trations of manure pit gases, develop potential strategies to reduce such 
concentrations, and evaluate sensors capable of detecting the pit gases 
develop safety procedures for people working in or around manure 
pits . the researchers found that hydrogen sulfide (h2s) concentrations 
can exceed published health limits when the manure is agitated, but 
lowering the % tvs (total volatile solids) in the manure reduced the 
h2s emissions . they found that high ventilation rates are needed dur-
ing pit agitation to protect the health of workers and animals .

bob aherin was lead scientist in a study on the respiratory health of 
swine workers . the study was supported by the national institute for 
occupational safety and health; the national farm medicine cen-
ter and by carle foundation hospital center for rural health and 
farm safety . swine workers were given a lung function test every three 
months for a year . results indicated that, in swine facilities that are de-
signed and managed properly, there is only minimal risk to the respira-
tory health of swine workers .

bob aherin, ted funk and yuanhui Zhang participated with other 
cooperators on a study of occupational exposures and health out-
comes in swine confinement facilities . the study was supported by 
the national institute for occupational safety and health and by the 
university of illinois school of public health . Worker exposures to 
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airborne contaminants in a swine confinement facility were evaluated . 
biological markers of inflammation were evaluated before and after 
work for two consecutive work days in winter . Worker blood samples, 
exhaled air samples and lung function were evaluated . each worker 
wore an air-sampling device that measured contaminants collected 
during their work shift . air samples were evaluated for particulates, 
co, co2, h2s, nh3 and o2 . preliminary results showed that workers 
exposed to the particulates and contaminant gases showed little to no 
adverse effects .

Agricultural Infotronics Systems

Qin Zhang conducted research on agricultural infotronic systems 
in a study supported by usda hatch funds . the goal was to create a 
system capable of providing farmers with actionable information while 
performing precision farming operations . the framework of the sys-
tem included data collection, operation planning and automatic imple-
mentation modules . the data collection module included algorithms 
to classify, fuse and track attributes of crop production information . the 
system was validated in precision farming operations . 

Qin Zhang and shufeng han worked with agronomists on in-
season, site-specific nitrogen management for corn . the study was 
supported by the illinois council for food and agricultural research 
(c-far) . the goal was to develop an on-machine corn nitrogen stress 
sensor and evaluate its potential for real-time site-specific nitrogen 
management during side-dressing operations . a multispectral imaging 
sensor was developed to detect nitrogen deficiency during fertilizing 
applications . the research confirmed that it is technically feasible to 
reliably detect nitrogen stress . 

Biofuels

in a study supported by the illinois department of commerce and 
community affairs, carroll goering and ms students curt ritter and 
ryan parcell instrumented a detroit diesel two cycle bus engine to 
evaluate 190-proof ethanol as a potential fuel for bus engines . an en-
gine controller was developed to operate the engine on the modified 
chicago transit authority engine cycle for 454 hours . a 14% power 
reduction due to injector needle sticking was eliminated by installing 



new injectors . nox, co and hc emissions were less for the 190-proof 
ethanol than for anhydrous ethanol .

the usda supported a study by carroll goering, les savage, and 
graduate students anne meyer, barry bliss and tom briggs to devel-
op an accelerated evaluation of vegetable oil fuels . a lister-petter two 
cylinder diesel engine was modified to allow one cylinder to run on 
petroleum diesel while the other ran on a vegetable oil fuel to allow 
comparative testing under identical conditions . the engine was used to 
evaluate a variety of biofuels developed by the usda peoria labora-
tory . the effects of the biofuels on engine performance and durability 
were determined .

in work supported by the illinois department of commerce and 
community affairs, allen hansen and Qin Zhang conducted a study 
to evaluate e-diesel as an alternative fuel for diesel engines . e-diesel 
is a blend containing 10% ethanol and 90% diesel fuel, with a special 
additive used to keep the two well blended . the researchers conducted 
a 500-hour test using a procedure developed in cooperation with the 
international engine and truck corporation . the results were suffi-
ciently promising to merit field testing .

in a study supported by the illinois council on food and agricultural 
research and the great lakes regional biomass energy program, al-
len hansen, Qin Zhang, rob hornbaker and ms student todd manke 
did an evaluation of e-diesel as an alternative fuel in agricultural ma-
chinery . the illinois corn marketing board, deere and company, and 
caterpillar, inc ., were industrial partners in the research . participating 
farmers on two farms used two tractors and two combines . one trac-
tor and combine on each farm ran on e-diesel while the other tractor 
and combine ran on petroleum diesel . a standard test procedure was 
developed for monitoring the performance and condition of the trac-
tors and combines . the tractor and combine engines running on e-
diesel showed no abnormal wear but consumed 2 .8 to 5 .6% more fuel 
because of the lower energy content of the e-diesel . in addition, adm 
ran two mack trucks on e-diesel for a total of 372,000 miles without 
any problems . fifteen chicago city buses accumulated over 273,000 
mile on e-diesel without any problems . the illinois corn growers as-
sociation ran a ford f-250 truck on e-diesel with no problems after 3 
months of running . 

usda hatch funds supported allen hansen’s research on evaluation 
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of biomass-derived alternative fuels for off-road vehicles . selected 
biomass-derived fuels were evaluated as to engine performance, dura-
bility and emissions . the laboratory tests were used to optimize engine 
parameters for minimum emissions and maximum performance . tests 
of b2, b5 and b100 in a turbocharged diesel engine showed up to 12% 
increase in nox emissions compared to petroleum diesel . however, 
addition of ethanol to the base fuel suppressed part of the increase in 
nox emissions . 

in research supported by the campus research board, allen han-
sen studied the impact of soybean oil methyl ester composition on 
nox generation from combustion . a negative aspect of ester fuels is 
that they tend to increase nox emissions . special emphasis was placed 
on accurately representing fuel properties . experiments and 3-dimen-
sional fluid dynamics were used to study the ester composition effects 
on nox formation . results showed that relatively small changes in es-
ter composition can reduce nox emissions to be equal to or less than 
those from petroleum diesel fuel .

usda hatch funds were used to support allen hansen’s research on 
impact of biofuels on emissions reducing technologies for off-road 
diesel engines . the purpose was to evaluate the impact of biofuels on 
both present and emerging emissions reducing technologies . the strat-
egy of using exhaust gas recirculation to reduce nox emissions was 
more effective with biodiesel than with petroleum diesel . under high 
loads, egr rates of 5 to 5 .5% were sufficient to reduce nox emissions 
to equal those of petroleum diesel . the biodiesel used was the methyl 
ester of soybean oil . 

 the us department of energy supported work by c .f . lee, allen 
hansen and d . Kyritis on graduate automotive education (gate) 
center of excellence: advanced automotive bio-fuel combustion 
engines . the objective of the center of excellence is to create an edu-
cational and research program to provide automotive engineers with 
knowledge and skills to develop future engines to run on biofuels such 
as ethanol and biodiesel .

in work supported by the us department of energy, c .f . lee and 
allen hansen did an investigation of biodiesel-fueled engines under 
low temperature combustion strategies . laser diagnostics and mul-
tidimensional modeling were used to investigate a novel low-temper-
ature combustion (ltc) strategy with biodiesel . the aim of the ltc 



strategy is to reduce nox and particulate emissions while achieving 
high combustion efficiency . the large differences in properties be-
tween petroleum diesel and biodiesel did not affect the outcome of 
combustion simulations . the simulations predicted that, compared to 
petroleum diesel, biodiesel generated higher in-cylinder pressures and 
temperatures and less soot .

a project on engineering solutions for biomass feedstock produc-
tion was supported by the bp funded energy biosciences institute of 
the university of california-berkeley, partnering with the lawrence 
berkeley national laboratory and the university of illinois . abe par-
ticipants were K .c . ting, allen hansen, Qin Zhang, tony grift, lei 
tian, steve eckhoff and lius rodriguez . seven postdoctoral students 
were also hired to assist with the research . bp funded the program to 
further the development of cellulose-based ethanol fuel . the five inter-
related tasks in the program were pre-harvest crop production; harvest-
ing; transportation; storage; and systems informatics and analysis . the 
research steps were to evaluate existing technologies; characterize task 
features; identify information needs and researchable questions; develop 
prototypes and computer models; conduct experiments and computer 
simulations; analyze experimental data and simulation output; and de-
liver results in the forms of operational machinery design/prototype 
and decision support information/tools . to grow micanthus and other 
feedstocks, 340 acres of uiuc farmland were set aside . the research 
was initiated in 2007 and was on going at time of writing .

Robotics

in research supported by a c-far sentinel grant, tony grift, m . bohn, 
lius rogriguez and a . hager studied development and evaluation of 
high efficiency flexible intelligent farming tools – phase i, autono-
mous Weed control . they worked on developing a flexible weeding 
system capable of identifying weeds and treating them based on their 
response to glyphosate (roundup) . Weeds responsive to glyphosate 
were treated chemically while resistant weeds were treated mechani-
cally . the operations were carried out by autonomous robots having 
wireless internet connectivity for access to a weed image data base and 
for remote monitoring of robot performance . the work was on going 
at time of writing .
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With support from the Japanese society for the promotion of sci-
ences, tony grift and y . nagasaka worked on development of autono-
mous robots for biosystems applications . an autonomous robot (ag 
tracker) was developed as a sensor carrier for crop scouting . several 
walking robots were developed to demonstrate the potential of robots 
for crop scouting . a robot was developed as a carrier for a soil-sampling 
device that was developed at the university of nebraska .

Mechatronics

at the request of a hydraulic components manufacturer, carroll goer-
ing and ms student c . chou investigated the accuracy of the orifice 
equation in predicting pressure losses . a new model was developed to 
calculate more accurate values for the orifice flow coefficient as a func-
tion of reynolds number .

carroll goering, Qin Zhang and phd student ruth book developed 
a prototype mechatronics valve . computer software permitted the ge-
neric valve to perform the functions of many specialized valves and also 
permitted implementation of control strategies previously not achiev-
able . a disclosure was filed with the university’s intellectual property 
office but, by the time they filed a patent application, caterpillar inc . 
had filed an application for a similar valve a few months earlier .

With support provided by caterpillar, inc ., Qin Zhang and d . he re-
searched a Wavelet-based fault diagnosis for pump health assessment . 
the goal was to identify healthy, worn and damaged pumps based on 
feature extraction from pressure wavelets . the researchers found that 
wavelet analysis can improve the capability of diagnosing piston pump 
health and identify types of pump defects . the results were brought the 
attention of industry via publication in a national journal .

the national fluid power association supported work by Qin Zhang 
on maintenance and fault diagnosis tools for hydraulic pumps . the 
goal of the on going program is to give undergraduate and graduate 
students a better understanding of fluid power through participation 
in research on pump maintenance and fault diagnosis, enabling them 
to evaluate the health and maintenance requirements of a fluid power 
system .

Qin Zhang’s study of control methods on electrohydraulic system 
performance was supported by the national fluid power association . 



the influences of variable delays, such as sensor delay and loop-time 
delay, were studied using a hardware-in-the-loop simulator to evaluate 
their effect on overall system performance . for example, the simulator 
was used to develop a successful electrohydraulic steering controller 
for automatic guidance . the simulator was also useful as a laboratory 
module in teaching undergraduate and graduate courses on electrohy-
draulics . 

Automatic guidance

John reid worked on vision-based guidance and control of field 
machinery . the systems he developed based automatic guidance on 
pathways defined by crops, rows and artificial markers . an algorithm 
was developed to extract the guidance directrix based on machine vi-
sion images of crop rows .

Qin Zhang conducted research on intelligent navigation control 
for off-highway equipment with automatic guidance . objectives 
were to develop an interactive electrohydraulic steering simulator with 
steering load control for reproducing load spectrums on various ter-
rains and to develop advanced algorithms for electrohydraulic steer-
ing control . the simulator and algorithms that were developed were 
later used in research sponsored by deere and company on automatic 
tuning and adaptive control technologies for intelligent vehicle path 
tracking . 

usda hatch funds supported a study by Qin Zhang and John reid 
on fuzzy controls for mechatonized off-road equipment . the goal 
was to develop an automated guidance system based on the hypothesis 
that an intelligent control system can use experience, common sense 
and intelligence similar to that used by human drivers in maneuvering 
equipment . the automated guidance system included technologies for 
redundant guidance sensing, vehicle path planning, sensor fusion and 
fuzzy controls for electrohydraulic steering control . the guidance sys-
tem was developed and implemented on an agricultural tractor .

in January, 2001, John reid left the department to accept a position 
with deere and company . a while later, deere and company began 
offering their auto-trac automatic guidance option for their tractors . 
also, deere and company began supporting related research in the 
abe department .
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With support provided by deere and company, shufeng han and 
Qin Zhang initiated a project on dynamic performance evaluation of 
gps receivers and gps guidance systems . the project was to devel-
op a procedure for performance evaluation of commercial dgps re-
ceivers and to provide an independent evaluation of such receivers . the 
researchers developed a method to evaluate the gps dynamic position 
accuracy of eight commercially available dgps receivers under linear 
parallel-tracking applications . the dynamic performance of a receiver 
was extremely variable from test to test . the cumulative frequency dis-
tribution of the pass-to-pass average error provided a good statistical 
measure of the gps dynamic accuracy . the results were reported in an 
article in a national journal .

Qin Zhang, with support provided by deere and company, investi-
gated vision guidance for Wheel-type agricultural tractors . the aim 
was to develop a vision-based system capable of detecting crop rows or 
crop edges in typical farming operations . a search algorithm was devel-
oped to use posture sensors to determine the current tractor position 
and a tractor dynamics model to estimate the future tractor position . 
the posture sensors included a real-time kinematic global positioning 
system (rtK-gps) receiver and a fiber-optic gyroscope (fog) . the 
outputs from the dynamic path search algorithm were tractor lateral 
deviation and the desired yaw angle . based on these outputs, an intel-
ligent navigator created appropriate steering angles to guide the trac-
tor along the desired path . the results verified that this dynamic path 
search algorithm could navigate an autonomous tractor in accurately 
tracking the desired path to perform agricultural operations .

using support provided by deere and company, Qin Zhang did an 
investigation on automatic tuning and adaptive control technologies 
for intelligent vehicle path tracking . representative controllers, such 
as pid, feed-forward pid, fuzzy, sliding mode and lQr controllers 
were implemented on a laboratory scale, hardware in the loop control 
system simulator to provide preliminary validation of the controllers . 
strengths and weaknesses of each candidate controller were identified . 

Qin Zhang, with support from deere and company, studied 3-d 
density and density maps for stereo—based navigation . stereovi-
sion cameras potentially provide a 3-d format for detecting objects 
in the path of autonomous vehicles . the research goal was to develop 
the concept of using 3-d density and a density map to represent the 



detected objects in profile and location with sufficient accuracy and re-
liability needed for safe operations . field tests with a standing person as 
the obstacle indicated that the system could reliably detect the obstacle 
and its motion in the path of an agricultural vehicle . the accuracy de-
creased as the distance between the obstacle and the vehicle increased . 
the results were reported in an article in a national journal .

deere and company provided support for Qin Zhang’s project on 
sensor fusion development for auto trac guidance systems . the pri-
mary focus was on integration of a low-cost imu sensor with gps to 
provide an accurate, robust navigation input for auto trac guidance 
systems . the integrated sensor system was tested in multiple farm fields .

Site-Specific (Precision) Agriculture

in a c-far supported study, carroll goering, John hummel, rob 
hornbaker and phd student Jing liu developed an artificial neural 
network (ann) to set spatially referenced maize yields on the basis 
of soil, weather and management factors . setting realistic yield goals in 
each part of a field is an important first step in site-specific agriculture . 
thirty years of data from the morrill plots were used to train the neu-
ral network . the ann was able to account for about 80% of the yield 
variation in the plots . 

in a study supported by c-far, lei tian, John reid and phd stu-
dent brian steward worked on a low-input and nonchemical Weed 
control system . the goal was to integrate a machine-vision sensing 
system with a herbicide sprayer to create a mapping system for weed 
control . a system was developed to characterize plant features nec-
essary for crop and weed identification . the neural network-based, 
pattern-recognition algorithm was able to separate broad leaf weed 
images from grass weeds based on texture differences . the results were 
reported in a national journal article .

lei tian and John hummel worked on development of a preci-
sion herbicide application system . the goal was to develop a robotic 
system for applying herbicide only to target weeds during soybean and 
maize production . specific tasks were to identify the current state of 
the technology, develop a working prototype and evaluate it in normal 
farming operations . a “smart sprayer” was developed . it used a sprayer-
mounted machine vision system to identify weeds and turned on the 
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appropriate individual nozzles on the spray boom to apply herbicide 
to the weeds .

With support from c-far, lei tian and John reid developed a 
“smart sprayer” expert system for site-specific Weed management . 
the goal of the research was to use the smart sprayer as a research plat-
form to establish a data base on weed distributions, i .e ., the “patchiness” 
of weeds and to further optimize the smart sprayer to bring it closer 
to commercialization . results showed that weeds are not uniformly 
distributed in fields, but grow in patches with up to 90% of the field 
being weed free .

the sentinel program of c-far supported research by lei tian, 
don bullock and J .Westervelt on developing an agricultural remote 
sensing program at the university of illinois . the program aims were 
to assess the needs of farmers for remote sensing, develop key tech-
nologies needed nasa remote sensing applications in precision agri-
culture, and foster cooperation among scientists working in precision 
agriculture and remote sensing . the illinois laboratory for agricultural 
remote sensing was created in the abe department . 

the nasa crsp ag20/20 initiative provided funding for a study 
by lei tian, lloyd Wax, c . sprague and ms student Kelly thorp on 
variable rate herbicide applications using remotely sensed imag-
ery . the goal was to evaluate the effectiveness of variable-rate sprayer 
technology based on remote sensing in terms of cost savings, effective-
ness in eliminating weeds and ability to maintain crop yields compared 
to traditional methods of herbicide application . in a continuation of 
the study, the north central soybean research program sponsored 
research by lei tian and don bullock on using remotely sensed 
data to diagnose soybean yield limiting factors . the objective was 
to develop sensor-based, within-field maps of weeds, disease and nu-
trient deficiencies and evaluate their contribution to yield variation . 
such data help crop consultants, producers and researchers interpret 
yield maps and allow appropriate site-specific management options for 
a field . the spatial quality of the raw hyperspectral data were quite vari-
able and variable soil reflectance was a problem that was overcome be 
data processing . a successful variable-rate sprayer was developed to ap-
ply herbicides based on maps generated from remote sensing imagery . 
the sprayer was able to achieve a 21% reduction in herbicide use with 
no significant loss in weed control .



With support of the usda, lei tian, John hummel, bob Wolf, lo-
ren bode and scott bretthauer worked on precise application of ag-
ricultural chemicals . equipment and techniques were developed to 
improve the application efficiency of agricultural chemicals . drop size 
spectra from various atomizers were measured and field-evaluated as to 
coverage and minimization of spray drift . sensors and automatic con-
trol systems were developed to apply pest control substances as a func-
tion of soil organic matter, travel speed and other input variables . find-
ings from the study were delivered to farmers and professional pesticide 
applicators through extension meetings and an annual spray school .

cemagref provided funding for a study by tony grift, g . Kweon, 
e . piron and f . rioual on development of a smart spreader system . 
the goal was to develop a smart spreader in which both rate and 
uniformity are controlled . the study included an investigation of the 
fundamental flow of particles during spreading . a technique was de-
veloped for measuring the coulomb friction coefficient of sliding par-
ticles .

support from the citrus research and education center, university 
of florida, was used by tony grift, m .r . ehsani and K . nishiwaki to 
work on development of a yield monitor for citrus fruits . a yield 
monitor became necessary when traditional fruit bins were replaced 
by continuous mechanical harvesting machines . a yield monitoring 
system was developed at the university of illinois to give yields on a 
per-tree basis . the system was implemented at the research and edu-
cation center at the university of florida .

Other OREE projects

carroll goering, phd student tim stombaugh and undergraduate stu-
dent corey neumann developed a total engine performance monitor . 
the project began as neumann’s undergraduate research thesis . the 
timing pattern of a needle lift transducer provided data used to cal-
culate engine speed and diesel fuel consumption of the engine in real 
time . also in real time, a mathematical model calculated engine torque 
as a function of engine speed and fuel consumption . then engine pow-
er and specific fuel consumption were calculated . the monitor was 
brought to the attention of the engine industry via a publication in a 
national journal .
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John siemens conducted a project on farm machinery selection 
and management . a computer program was developed to determine 
the optimum sizes of a set of farm machines for any given farm . the 
program schedules field operations for different machinery sets and se-
lects the set that minimizes cost, including cost of lost crop due to un-
timely operations . the program was brought to the attention of farm-
ers via simen’s extension program .

John siemens, John hummel, and e .d . nafziger conducted research 
on tillage systems . a variety of tillage systems ranging from moldboard 
plowing to no till were evaluated at five university of illinois research 
demonstration centers . factors studied included crop establishment, 
growth, yield and weed control under various soil conditions . results 
were transmitted to producers via siemen’s extension program .

John siemens studied soil compaction caused by Wheel traffic . 
treatments included no extra traffic, extra traffic on every other row 
and traffic over the entire plot before planting . crop yields decreased 
due to soil compaction in some years, especially in years when com-
paction caused inadequate drainage .

deere and company supported research by alan hansen and robert 
hornbaker on simulation of in-field grain handling systems . they 
fitted combines, grain wagons and semi trucks with data loggers to 
track their movement and transfer of grain between vehicles . the data 
were used to verify a model of grain movement and transfer during 
wheat and corn harvesting . the researchers found that optimization 
of the combine harvesting pattern can increase efficiency substantially .

research by alan hansen, robert hornbaker and Qin Zhang on 
real-time decision support system for in-field agricultural opera-
tions was supported by deere and company . the goal was to develop 
a decision support system for inter-vehicle, real-time data communica-
tion to optimize in-field grain handling by combines, grain wagons, 
road transport and grain elevators . Wireless communication protocols 
were established and preliminary field tests of a prototype were success-
fully completed in the united states and australia .

pioneer hi-bred international, inc ., provided funding for a study 
by tony grift, m . bohn and J . novais on corn root evaluation sys-
tem . the researchers developed a system for efficiently imaging a large 
number of corn roots . the images were stored and characterized using 
fractal dimension and entropy to distinguish among corn genotypes . 



another use was to identify genetic markers that have distinct effect 
on room development under varying soil conditions . a database was 
developed containing root morphology images for a wide spectrum of 
corn genotypes grown under diverse field conditions .

alan hansen, with support from the campus research board, 
worked on development of portable tools with optimum configu-
ration for cutting sugarcane . the goal was to design, build and test 
portable tools for cutting sugarcane based on engineering and ergo-
nomic principles to maximize productivity and quality while minimiz-
ing stress on the human cutter . a platform was developed to measure 
sugarcane cutting forces and blade acceleration to use as inputs to a 
biomechanics model .

BEE Research

research scope and activities in the bioenvironmental engineering 
(bee) section underwent noticeable change in 1990s and then growth 
in the first decade of 21st century . 

the change was manifested in 1994 by changing the section name 
from structures and environment (se) section to bioenvironmental 
engineering (bee) section . donald l . day, se section leader, a 32 
year veteran of the faculty in abe at uiuc, retired in 1994 . gerald l . 
riskowski, succeeded day as the section leader . the name change to 
bee section reflected the evolving research scope among the faculty, 
which has been gradually shifted from a more structures oriented pro-
gram to a more bioenvironmental focused program . two new faculty 
members, were added . in 1992, ted l . funk filled up the extension 
position of arthur muehling who retired in 1992; and, in 1996, yuan-
hui Zhang filled the teaching and research position of donald l . day .

bioenvironmental engineering is defined as the engineering of en-
vironmental systems immediately surrounding the living things – ani-
mals, human plants and organisms . research activities in the 1990’s 
include the following highlights:

laboratory animal environment: motivated by biomedical research 
needs, laboratory animal living environment, in rooms or cages, be-
came a key concern due to animal health and medical research valid-
ity . several research projects were funded by nasa and nih to bee 
faculty (christianson and riskowski) to study the living environment 
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in the laboratory animal rooms and cages including measurement and 
control strategies for ammonia, carbon dioxide and particulate matter 
concentrations, ventilation rates and thermal conditions .

 the indoor air quality program includes swine odor measurement 
and abatement technologies . animal building air quality research in-
cludes lagoon covers, oil sprinkling, catalytic conversion of swine odor 
and ammonia . particulate matter research includes the development 
of an aerodynamic air cleaning technology (aero-deduster) to remove 
dust particles from air flow . the aero-deduster research was later ex-
panded to the area of off-road machinery cooling-air cleaning and 
other civil and military applications funded by us army, navy, deere 
and caterpillar . yuanhui Zhang developed a new senior/graduate level 
textbook entitled “indoor air Quality engineering” . 

the bioenvironmental structural systems (bess) laboratory was 
established in 1990 focused on agricultural fan and ventilation equip-
ment testing . by the end of 1990s, the bess lab became a nationally 
and internationally known facility, and publishes an annual report on 
agricultural fan performance . approximately 95% brands of agricul-
tural fans manufactured in north america were tested in the bess 
lab . it is estimated the testing results helped to improve fan energy 
efficiencies 20% .

non-intrusive, full scale, quantitative and instantaneous measure-
ment techniques for airflow in entire airspaces (versus single point 
measurements) were needed, especially in the area of developing cfd 
models . the bee group investigated the measurement technology of 
3-dimensional, volumetric particle tracking velocimetry (vptv) to 
measure and model large volume fluid flows such as room air . using 
this technology, bee researchers successfully measured the cabin flow 
field and pollutants distribution in a full scale boeing 767 aircraft cabin 
section containing 35 mannequins . this project was funded by cdc 
and boeing .

since 1996, bee researchers have pioneered research on a thermo-
chemical conversion (tcc) of swine manure into crude oil . Zhang’s 
group mimics the crude oil formation process in nature – biomass 
buried underneath the earth subjected to high temperature and pres-
sure and then formed into crude oil over millions of years – and suc-
cessfully converted swine manure into crude oil for the first time in 
1999 . they continued work with feedstocks including human and food 



processing waste, and biomass including algae and lignocellulose . the 
specific technology is called the hydrothermal process (htp) and di-
rectly converts the mixture of biomass and water into a bio-oil . the 
technology was later licensed to industry which has since developed 
pilot and commercial plants .

the impact of bee research also resulted in a noticeable impact on 
the professional communities . data, testing procedures and research re-
sults are included in the handbooks of asabe and ashrae . 

the first decade of the 2000s was a time of growth . in January 2002, 
gerald riskowski left the department to become head of agricul-
tural and biological engineering department at texas a&m . yuanhui 
Zhang succeeded riskowski as the bee section leader . Xinlei Wang 
joined the bee faculty in december 2002 to work on air quality and 
renewable energy systems . lance schideman filled the position of leslie 
l . christianson who retired in 2007 . schideman’s area was water qual-
ity control processes and wastewater bioenergy systems . angela green 
joined the bee in february 2008 to work on animal wellbeing and 
production systems . richard s . gates was recruited in august 2008 as 
the first ‘faculty of excellence’ hire in the agricultural and biological 
engineering department . his area was building environmental control . 
the expansion of faculty substantially extended the research portfolio 
in bee and cross linked to other sections and disciplines, notably:

engine emission control – Xinlei Wang extended his indoor air qual-
ity research to engine emission control . his research attracted funding 
from usepa, and industry including deere and company and inter-
national trucks and engines corporation . diesel engine powered ag-
ricultural equipment and highway vehicles were a significant source of 
air pollution, which posed a significant challenge to the engine manu-
facturers . Wang’s research was to develop after-treatment technologies 
to clean the exhausted air, including system simulation and a model-
based control strategy to control the emissions from diesel engines . 
he also partnered with the usepa, cummins inc . and the local mass 
transit district to reduce emissions from city buses .

Water purification and bioenergy production by growing algae – a 
major theme of schideman’s research program was the combination 
of environmental benefits with bioenergy production . one example 
was the use of algae for biological treatment of wastewaters and sub-
sequent harvest and conversion of algal biomass to produce various 
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liquid biofuels . this work was synergistically linked with the ongoing 
tcc work in Zhang’s group to produce algal biocrude oil and provide 
post-treatment and reuse of tcc process wastewaters . this research 
showed how these bioreactor systems could be used alone or in com-
bination with other membrane and adsorption treatment technologies 
to yield valuable energy resources and removing excess nutrients, pes-
ticides, residual pharmaceuticals and endocrine disrupting compounds, 
which reduces overall environmental pollutant loads and facilitates wa-
ter reuse applications . 

animal well-being and animal production facilities – angela green 
added a new dimension and bridge with animal sciences, combining 
principles of engineering a controlled environment with a better un-
derstanding of the occupant, including physiological and behavioral 
responses to environmental conditions and housing systems . one key 
aspect of green’s work involved preference testing, a way to get direct 
feedback from an animal about its perceptions . other important re-
search included development and refinement of technologies for mea-
suring animal feedback, and quantification of real-world environmen-
tal conditions in commercial animal production . green approached 
each animal housing analysis from a systematic perspective, considering 
not only animal welfare, but additionally aspects of management, en-
vironmental impacts, and economical components . green and gates 
were responsible for the animal Welfare and environmental systems 
laboratory (aWes lab) .

controlled building environmental program – the interaction be-
tween building systems and their occupants, whether plants, animals or 
people, had long been a core strength of the bee program . in 2008, 
rich gates joined the group, bringing ongoing projects on agricultural 
air quality focused on livestock and poultry emissions from produc-
tion facilities, mitigation techniques including biofilters and dietary 
manipulation for egg laying hens . he began initiating new efforts in 
controlled environment plant production and cooperative efforts with 
the vptv group (focusing on cfd model validation) and with green 
on animal preference testing . he initiated two international student 
exchange programs, one with two brazilian universities and another 
with four european universities, both focused on the further develop-
ment and definition of biological engineering within the context of 
agricultural and biological engineering . 



Food and Bio Process Engineering Research

J . bruce litchfield joined the agricultural and biological engineering 
department in 1986 to teach food engineering courses and conduct 
research related to food engineering . he used magnetic resonance im-
aging (mri) to measure physical properties of food materials with 
shelly J . schmidt (foods and nutrition) and paul c . lauterbur (medi-
cal information sci .) they measured water diffusivity, thermal conduc-
tivity, and thermal diffusivity, and physical structure during processing 
of grains, seeds, and model foods . they were able to map tempera-
ture profiles of flowing food particles which for the first time enabled 
researchers to non-invasively measure temperatures of particulates in 
aseptically processed foods . measurement of temperatures at the coldest 
spot in food particles enabled verification of effective sterilization of 
thermally processed foods . in 1994, J . litchfield, J . reid, and c . harper 
(fda) investigated mri and other technologies for detection of de-
fective seals in flexible food packages .

in 1992, litchfield, J . bentsman, and n . miller (mech & industrial 
engr .) developed a knowledge-based adaptive, fuzzy logic, and neu-
ral control system for providing optimal drying conditions for dried 
food products . in 1992, drs . litchfield and eckhoff developed a 3-di-
mensional model for moisture movement within a corn kernel during 
steeping . the model was verified using mri .

in 1997, litchfield and K .m . ghiron developed a magnetic ther-
mometry process to measure temperatures in particles of multiphase 
foods during aseptic processing . the system utilized magnetic sensor 
beads, pick-up coils, and a magnetic sensor . 

litchfield, eckhoff and mike e . tumbleson developed alternative 
separation techniques to recover biosolids from a food processing fa-
cility using various biological or food materials instead of commercial 
flocculants . recovered biosolids that did not use commercial polymer 
flocculants could then eventually be used as an animal feed supplement . 
in 2001, K . rausch, s . eckhoff, v . singh, and m . tumbleson investigated 
use of microfiltration of liquid streams from corn wet mills to recover 
protein and other nutrients as an alternative to using centrifugation, 
evaporation, and vacuum belt filtration to reduce capital and energy 
costs .

litchfield and John f . reid used in situ image processing with a mi-

research programs  | 141



142 | agricultural and biological engineering at illinois

croscope to monitor cell growth during a fermentation process . their 
system used an automatic sampler to deliver microliter-sized samples 
from a fermentor to a microscope stage . image features enabled deci-
sion making related to environmental conditions in the fermentor .

in the fall of 1997-98, litchfield started work as a half-time rotating 
assistant dean for the college of engineering and later became an as-
sistant dean in the college of engineering .

steven r . eckhoff joined the agricultural engineering department 
in 1987 to conduct “value added” research related to corn wet milling . 
he and his graduate student, l . du, developed an innovative alkali wet 
milling process using sodium hydroxide to disrupt the endosperm pro-
tein matrix . after alkali debranning of the corn kernels, grinding, and 
steeping in dilute alkali, total process time was reduced to 1 .5 hours 
with product yields comparable to conventional wet milling . then 
eckhoff and his graduate student, J .f . lopes, developed an intermit-
tent milling and dynamic steeping (imds) process in which the corn 
kernel is milled in stages followed by steeping, allowing fast hydration 
and diffusion of sulfite into the endosperm . this process enabled high 
starch recovery in only 5 hours compared to normal times of 32 to 56 
hours . in conventional steeping of corn in a wet milling operation, the 
corn is soaked in a solution of sulfur dioxide so that the so2 can break 
bonds holding a protein matrix tightly to starch granules . an increase 
in starch appeared to also come from having less starch left in the fiber 
fraction .

in another study, eckhoff with J . mcKinney, used gaseous so2 to 
diffuse the so2 into corn kernels 100 times faster than when a liquid 
solution is used . they found gaseous so2 cut steep times to ¼ to ½ 
of normal steep times which would save about 8% of the capital costs 
of a wet mill . in 1992, eckhoff and e .J . fox steeped high lysine corn 
and found that soft corn such as high lysine requires much lower steep 
times than hard endosperm corn . in 1993, eckhoff and K . rausch 
developed a resistance/ capacitance method for determining ambient-
dried corn from adversely dried corn .

in 1994, eckhoff with s .K . singh, K . rausch, and am mistry devel-
oped a 100-g lab wet milling procedure which later became the stan-
dard reference test used for extractable starch through out the corn wet 
milling industry . that year eckhoff, K . yaptenco, and e .J . fox developed 
a lab-scale countercurrent steepbank for simulating steeping operations 



in a corn wet mill .
in 1997, eckhoff with p . yang, and r . denhart designed a lab-scale 

steep battery as a computer-controlled system . in 2000, eckhoff with 
K . rausch and p . yang steeped corn at 50ºc with so2 levels of 1000, 
2000, and 3000 ppm for 18, 24, 30 and 36 hours in their countercur-
rent steep battery . starch yield was significantly increased by increasing 
s02 level or by longer steep times .

eckhoff with graduate student, v . singh, developed a “Quick germ” 
process for ethanol production by removing the corn germ prior to 
fermentation . this was the beginning of a later patented process that 
became widely accepted in the dry-grind ethanol industry . 

Kent rausch joined the abe faculty in 1997 . rausch received his 
ph .d . in 1993 from abe at uiuc with eckhoff . rausch spent a year 
in industry with cerestar wet milling, followed by three years in bio-
logical and agricultural engineering at Kansas state university .

in 2000, eckhoff with Kent rausch, vijay singh, and a . mcaloon 
developed a “Quick fiber” process that enabled recovery of pericarp 
fiber from degerminated corn used in a dry grind ethanol process . 
the fiber was recovered using hydrocyclones following germ recov-
ery done by the “Quick germ” process . at that time, this process was 
estimated to provide a $0 .04 per gallon savings by providing increased 
fermentation capacity by removing fiber ahead of the fermentors . eck-
hoff, v . singh, and r . moreau with usda, also determined the best 
fraction of corn fiber to use for recovering ferulate esters, which have 
been shown to be good for lowering cholesterol in the blood stream .

in 2001, eckhoff, d . gupta, l . dickey, K . rausch, v . singh, and m . 
tumbleson developed a “Quick protein” process to obtain a zein pro-
tein rich fraction obtained from corn after undergoing the “Quick 
germ” and the “Quick fiber” processes . in 2001, K . rausch, s . eck-
hoff, m . paulsen, and m . tumbleson studied compositional changes in 
coproduct streams, light gluten and light steepwater, from a corn wet 
milling plant . since these streams become part of corn gluten meal 
and corn gluten feed coproducts, the compositional variability greatly 
impacts finished coproducts .

in 2006 and 2007, eckhoff worked with water absorption rates 
(tempering) of corn and adjunct chemicals to more cleanly separate 
corn fractions as a preprocess for dry grind ethanol processing . 

in 2007 and 2008, eckhoff and l . berger compared ruminant di-
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gestibility of corn stover at 35-40% moisture to stover at lower harvest 
moistures .

in 2001, rausch with J . faller and s . eckhoff investigated effects of 
specific hybrids on dry milling, extrusion variability, and starch rapid 
visco analysis (rva) . this was the beginning of work on hybrid spe-
cific processing . 

in 2004, rausch with v . singh and r . belyea from university of 
missouri characterized coproducts from dry-grind ethanol processing . 
they found phosphorous concentrates in the thin stillage stream which 
is then added to ddgs, distillers dried grains with solubles . due to 
environmental concerns with phosphorous, ddgs value is enhanced if 
its phosphorous content can be reduced . rausch with v . singh and m . 
tumbleson also investigated dewatering technologies and membrane 
filtration to recover water and remove nutrients from dilute bioprocess 
streams . in 2006, rausch continued work to identity bioprocesses that 
dewater, dry, or convert solids into higher valued products . in 2008, 
rausch, v . singh, and r . belyea (university of missouri) determined 
membrane filtration and heat transfer fouling characteristics of thin 
stillage to identify the potential for increased water recycling and re-
duced energy requirements for a dry grind ethanol plant .

in 2006, rausch with b . dien (usda-ars) and v . singh developed 
a small-scale 25-g dry-grind ethanol test procedure to determine ex-
pected ethanol yield from raw corn .

in 1985, s . gunasekaran, m . paulsen, and g . shove developed a laser 
optical method for sorting corn kernels with stress cracks . in 1986, 
c . Weller, m . paulsen and m . steinberg measured stress cracking and 
breakage susceptibility of four hybrids dried at 49, 71, and 93ºc . 

in 1987, m . paulsen, l .d . hill, and g .c . shove reported on the 1986 
loading of a 57,000 metric tonne ocean vessel at new orleans with 
corn that was shipped to Japan . two holds were monitored with ther-
mocouples to measure temperatures during the 35-day voyage . corn 
within 1 meter of edges and headspace changed in temperature but 
corn remained uniformly cold within the center grain mass . corn 
moisture contents did not change appreciably but breakage increased 
significantly during and after loading . dr . paulsen also started work us-
ing machine vision for detection of corn quality factors related to color 
and kernel breakage . 

in 1989, K . baker, m . paulsen, and J . van Zweden determined seed 



corn drying rates for three f-1 hybrids in thin-layer tests at 32, 40, 48, 
and 56ºc . Warm and cold germination was reduced significantly at the 
higher drying temperatures .

in 1992, W . casady, m . paulsen, J . reid, and J . sinclair developed an 
image pattern classification system using machine vision using chro-
maticity coordinates to classify fungal damage in soybeans . in 1992, K . 
liao, m . paulsen, J . reid, b . ni, and e . bonifacio developed a neural 
network classifier using machine vision to identify corn kernels for 
broken and whole kernels with about 92% accuracy .

in 1996, e . bonifacio-maghirang, m . paulsen, l . hill, and K . bender 
determined single kernel moisture variation of 29% and 10% moisture 
blended corn . moistures equilibrated to 18% by the third day .

in 1997, m . paulsen with W . Xie used machine vision to determine 
degree of corn kernel respiration and damage based on tetrazolium 
color staining in pinkish red (healthy), purple (damaged cells), or white 
(totally dead cells) . Kernels heated at 60 ºc for 3 hours turned purple, 
and for 9 hours were dead while unheated check samples remained a 
healthy red color . in 1997, b . ni, m . paulsen and J . reid developed an 
electronic corn kernel size grading system using machine vision . ac-
curacies averaged 74 to 90% based on pre-sized samples run through 
precision graders .

in 1997, paulsen, reid and irfan ahmad developed a machine vi-
sion to system use color, morphological and textural features to detect 
soybean seeds with fungal damage from healthy seeds . in 1997, J . liu 
and paulsen determined degree of whiteness of corn kernels using red, 
green and blue images which were converted to chromaticity coordi-
nates . machine vision inspections of corn maintained consistency and 
the same order as human-inspected samples .

in 1998, paulsen and l . pordesimo tested soft, medium and hard 
endosperm corn varieties, harvested at moistures of 30, 25, and 20% 
which were dried at temperatures of 25, 50, 60 and 70 ºc for starch 
yield and a near-infrared spectroscopy calibration for starch yield was 
developed . in 1999, paulsen and s . mbuvi developed a corn extract-
able starch calibration for the nirsystems 6500 spectrophotometer . in 
2000, paulsen and s . mbuvi conducted high temperature drying at 90 
to 110ºc and found 0 .9 to 16 .0 % point reduction in extractable starch 
using a foss infratec 1229 near-infrared transmission calibration . each 
% point gain in extractable starch was estimated to be valued at 4 to 6 
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cents per bu . in 2002, paulsen, m . singh, s . mbuvi, and l . pordesimo 
developed and an extractable starch calibration for corn wet milling 
and licensed it worldwide through foss north america . in 2004, e . 
newgard and m . paulsen expanded the extractable starch calibration 
with more corn varieties and samples . in 2005, the extractable starch 
corn calibration was licensed to a major spectrometer company and 
became publicly available .

a project involving garlic bulblets in wheat was initiated with eck-
hoff, paulsen, e . Jones from virginia tech university and d . eustace 
at Kansas state university . helping on the project were l . obaldo, b . 
ye, and J . liu . the relationship between garlic bulblet concentration 
and plugging of break rolls in flour mills causing economic loss was 
investigated, so that possible changes to usda grading practices could 
be recommended . in 1999, kernel density and dimensional measure-
ments of garlic bulblets and wheat kernels were determined to evaluate 
alternative sieving and cleaning methods . garlic bulblets were found to 
have strong affinity for water and were usually found over a riddle sieve 
and larger sieves .

in 2004, paulsen and s . nimaiyar scanned ground soybeans and de-
veloped a fourier transform near-infrared reflectance (ft-nir) cali-
bration for isoflavones in soybeans . in 2005 they developed ft-nir 
calibrations for palmitic, stearic, oleic, linolenic, and linolenic fatty acids 
in ground soybean samples .

in 2006, paulsen and s . rathore used ft-nir to identify and deter-
mine ethanol and total sugars in fermentation broths for a dry-grind 
ethanol process . in July 2006, paulsen retired from the agricultural and 
biological engineering department after 31 years of service . in 2007, 
paulsen with s . rathore continued a project to develop a ft-nir 
calibration to classify corn hybrids based on predicted ethanol yields . 
in 2008, paulsen and s . rathore developed a calibration and used ft-
nir to monitor a lab-scale liquefaction process to determine the ef-
fect of reaction time, initial enzyme dose, and corn hybrid on dextrose 
equivalent (de) values .

vijay singh received his ph .d . in 1998 from abe at uiuc with 
eckhoff . singh joined the abe faculty in 1998 as a visiting assistant 
professor but was working at the eastern regional research center/
ars/usda, at Wyndmoor, pa . While there he conducted research on 
developing enzymatic milling for the corn wet milling process and op-



timizing recovery of nutraceuticals from corn and other cereal grains . 
later, in June 2002, singh became an assistant professor at the univer-
sity illinois to teach and conduct research on process development and 
value added processing of corn for wet milling and dry grind ethanol 
processes .

singh worked to develop novel corn fractionation technologies for 
corn dry grind ethanol and for corn wet milling processes . in the corn 
dry grind process approximately 70 percent of the fuel ethanol in the 
us is produced by the corn dry grind ethanol process . the dry grind 
process suffered from low coproduct value . improving process efficien-
cy and increasing the number of coproducts and their value reduces 
the cost of ethanol production and increases the viability of the ethanol 
industry . he and others developed several modified dry grind ethanol 
processes that allow cost-effective removal of germ, pericarp fiber and 
endosperm fiber as valuable coproducts at the beginning of the dry 
grind corn process . additional benefits of these modifications are an 
increase in quality of coproducts and greater ethanol production per 
batch . he received two us patents and filed two more patent appli-
cations with united states patent and trademark office . two issued 
patents are being negotiated for licenses .

the conventional corn wet milling process currently uses sulfur di-
oxide to steep and process corn for starch . sulfur dioxide is a health and 
environmental concern . 

dr . singh and others developed an enzymatic corn wet milling 
process that reduces or eliminates sulfur dioxide requirements dur-
ing steeping, which considerably reduces steep time and produces 
starch yields comparable to conventional corn wet-milling . significant 
amounts of capital and energy savings are realized due to shorter steep 
times . he received another us patent for this work and it has been 
licensed to a major us company . singh and f . taylor, ars/usda, 
received a patent in July 2003 entitled “method for removing the hull 
from corn kernels .”

in 2003, v . singh and d . Johnston with ars/usda developed an 
enzymatic corn wet milling process that greatly reduces need for so2 
for steeping which would reduce environmental and health risks asso-
ciated with use of so2 . in 2005, they found enzymatic milling reduced 
process time by 70% and maintained acceptable product yields and 
quality . in 2006 they evaluated enzymatic milling with corn wet mill-
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ing processors . in 2008, they licensed the enzymatic milling technology 
to a major enzyme company and conducted commercial enzymatic 
milling trials with wet millers in malaysia, india, and turkey .

in 2003, rausch and tumbleson with m . Wilkins studied hybrid 
specific effects on starch modification . the work investigated reaction 
characteristics of starch samples obtained from single hybrids and found 
that initial (unmodified) starch characteristics were apparent following 
modification . 

in 2005, v . singh, l . hoyer, d .b . Johnston and m . tumbleson investi-
gated strategies to control microbial growth in corn wet milling using 
enzymes in place of sulfites .

in 2005 and 2007, rausch, l .m . raskin (civ env eng, now at u 
of mich) and m .e . tumbleson characterized processing streams in the 
corn wet milling process . this identified variability of process opera-
tion and identified opportunities for improved coproduct value in the 
wet milling process . 

in 2004, v . singh and J . graeber with syngenta seeds investigated 
corn hybrid variability and planting location effects on ethanol yield . 
singh and rausch tested exogenous alpha amylase transgenic corn 
during liquefaction and fermentation as a means to use fewer enzymes 
during dry-grind liquefaction processes . in 2005 to 2008, drs . singh 
and rausch worked with a major seed biotechnology company to de-
termine liquefaction and fermentation properties of endogenous amy-
lase corn for dry grind ethanol processing .

in 2005, singh, rausch, tumbleson and g . murthy simulated starch 
hydrolysis using a monte carlo simulation technique on a starch struc-
ture and combined it with a flux balance analysis (fba) and cyber-
netic model for yeast metabolism to develop an optimal control of ssf . 
optimal control of the dry grind ssf process resulted in reduced fer-
menter glucose concentrations, <2 .0% w/v . compared to the standard 
ssf process, use of the optimal controller resulted in 50% reduction 
in enzyme (glucoamylase) required for the ssf process under vary-
ing operating conditions . the optimal controller was tested in a com-
mercial midwestern dry grind ethanol plant and a 35% reduction in 
glucoamylase dose was observed compared to control treatment; final 
ethanol concentrations were similar for optimal controller and conven-
tional treatments .

in 2006, rausch, singh and tumbleson with m . Wilkins investigated 



the tendencies of thin stillage to foul evaporator surfaces . thin stillage is 
a process stream from corn ethanol production and eventually becomes 
part of the distillers dried grains with solubles (ddgs) coproduct . they 
found that thin stillage fouled evaporator surfaces readily, but the rates 
were variable . additional work in 2009 and 2010 with a . arora deter-
mined that microfiltration membranes affected fouling rates and may 
be an effective method to reduce evaporator fouling . in 2003, rausch, 
singh and tumbleson with r . agbisit reported a similar effect when 
microfiltering steepwater from the corn wet milling process . 

in 2006, v . singh, K . rausch, m . tumbleson, e . Khullar and e . sall 
from monsanto investigated effect of corn genetics, planting popula-
tion and post harvest conditions on modified dry grind processes for 
coproduct yields and fermentation profiles .

in 2007, v . singh, K . rausch, m . tumbleson, b . vidal and Jim liu of 
novozymes na investigated use of granular starch and proteases in dry 
grind corn fractionation processes to improve rate of fermentation and 
increase ethanol yield .

 in 2008, v . singh, c . parsons, J . pettigrew, and K . rausch developed 
a sieving and air separation process (called elusieve) to separate fiber 
from ddgs . since the elusieve process removed fiber, feeding studies 
on roosters and hogs were conducted to determine total metabolized 
energy and true digestibility of amino acids in this low-fiber ddgs .

in 2008, singh, rausch, tumbleson and J . shihadeh developed si-
multaneous liquefaction, saccharification, fermentation and distillation 
(slsfd) process for dry grind production: process that allows high 
solids (>32% w/w) fermentation . slsfd process with 40% slurry sol-
ids was evaluated and compared it with the conventional process . the 
slsfd process fermented slurry with negligible residual glucose con-
tent . however, with the conventional process residual sugar in beer 
started increasing at 20 hr and final residual sugar concentration of 5% 
(w/v) was observed . ethanol productivity of the slsfd process was 20 
to 40% higher compared to the conventional process .

in 2007, singh, rausch, tumbleson and v . sharma, v evaluated the 
effect of different amylose and amylopectin ratios in starch that was 
processed through two different enzymatic techniques: commercial al-
pha and glucoamylases and raw starch hydrolyzing enzymes . in both 
processing techniques, the study shows that as the amount of amylose 
is increased in starch, the ethanol yield decreases .
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in 2006, v . singh, c . batie, g . aux, K . rausch and c . miller from 
syngenta biotechnology evaluated transgenic corn (amylase corn), 
containing alpha amylase in the corn kernel (endogenous enzyme) in 
a conventional dry grind ethanol process . With amylase corn no exog-
enous alpha amylase is required in the process . the study evaluated 3, 
5 and 10% of the amylase corn with conventional yellow dent corn . 
no difference in final ethanol concentration was observed between the 
amylase corn treatments and the control treatment (in control treat-
ment exogenous liquefaction enzyme was used) .

in 2007, v . singh, p . Wang, h . Xue, d . Johnston, K . rausch and m . 
tumbleson compared granular starch hydrolyzing (gsh) enzyme 
with conventional enzymes in dry grind ethanol process . final ethanol 
yields with gsh enzymes are comparable to yields using conventional 
enzymes . however, glucose, maltose and maltotriose concentrations are 
consistently low with gsh enzymes throughout fermentation . lower 
sugar concentrations during ssf helps yeast during fermentation and 
prevents bacterial infections . gsh enzymes work at the same tempera-
ture and ph conditions as conventional and can lower energy require-
ments in ethanol production .

Biological Engineering

luis rodriguez, richard cooke, yuanhui Zhang, a . Kent and J . Zilles, 
assisted by J . m . andrus, used nsf funding in 2008 to begin a micro-
bial community analysis of denitrifying biofilters . biofilters devel-
oped at the university of illinois have successfully removed 60% of 
nitrates on average in field trials, but little is known about the microbial 
community that mediates denitrification . molecular dna and rna 
methods are available for characterizing microbial community compo-
sition and variation of several field biofilters . a time series was planned 
to link microbial community to biofilter performance .

in 2008 luis rodriguez, g . menezes, a . Kent and m . appleford used 
university of illinois funding to begin the development of a frame-
work to model microbial communities in humic lakes . the goal 
was to model microbial communities and their dynamic response to 
meteorological, physical and chemical conditions using conventional 
and emerging molecular techniques and data from long-term ecologi-
cal research stations such as north temperate lakes . predictions from 



the models could help shape environmental policies and management 
decisions on ecosystem functions controlled by microbial processes .

luis rodriguez, h . Jiang, s . bell, K . bhalerao, d . Kortenkamp, a .b .o . 
soboyejo and K .c . ting used nasa funding to do coupled analysis 
of life support systems reliability modeling for robustness and cost . 
the research goal was to increase robustness of life support systems by 
applying the appropriate mix of people and software, develop model-
based techniques for diagnosis, prognosis and control, and procedural 
techniques to support manual operations . integrated models were de-
veloped to analyze a wide array of design architectures for inherent 
reliability and robustness . reliability is a major issue in the design of 
long-term space missions . the research considered several preventive 
and corrective maintenance plans . validation was sought through devel-
opment of new theoretical models for reliability prediction .

using nasa funding, luis rodriguez, h . Jiang, s . bell and d . 
Kortenkamp did validation of life support system optimization . the 
focus was to demonstrate that application of heuristic tools on life 
support problems will find optima that are as useful as those identi-
fied using traditional analytical approaches . system complexity and the 
enormous search space create inherent challenges in identifying where 
the optima exist in the search space .

 luis rodriguez and g . menezes used university of illinois funding 
to study bottom-up models of the photosynthesis from the molecular 
scale to canopy scale . the intention was to integrate molecular-scale 
models with existing leaf and canopy-scale models to improve simula-
tion of crop biosystems at molecular, organelle, cellular, tissue, organism 
and community levels . the immediate challenge was to identify critical 
information that must be exchanged between different levels . the long 
term goal was to integrate within a large, complex model such as an 
agroecosystem model .

luis rodriguez, c . li,, t . lin, s . eckhoff, m . Khanna and a . spauld-
ing used cfar funding to develop engineering-economic system 
models for rural ethanol production facilities . the explosion of small 
(35-70 million gallons per year) dry grind ethanol facilities suggested 
the need for extra care in the design and implementation of such facili-
ties . the objective of the research was to develop a model of such facili-
ties for use in decision making by corporate board members and leg-
islatures considering tax incentives for handling of potential pollutants .
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in a project funded by the university of illinois, grace danao and 
her graduate students are working on development of new sensing 
technologies . in addition to training graduate students, the goal is to 
develop new sensing technologies for monitoring the health and safety 
of animals, food systems and the environment . the researchers seek to 
take advantage of recent developments in the micro-fabrication and 
integration of biosensors into arrays capable of specific detection of 
multiple analytes . an example application would be detecting trace 
volatile compounds resulting from microbial activity in air, soil, water, 
crops and food samples and determining food quality and safety dur-
ing storage and transport . a second interest involves using ultrasonic 
standing wave fields to manipulate and separate micron-sized particles 
suspended in a fluid medium to enhance the optical detection and 
quantification of the particles . a third area of study is the use of ionic 
liquids in gas-phase bio-catalysis . ionic liquids are salt-like materials 
that are liquid at room temperature and exhibit unique properties that 
might be exploited in biosensors, biomass processing, protein stabiliza-
tion and extraction and purification of natural products .

Multidisciplinary initiatives

in 2005 the department hired two faculty members (luis rodriguez 
and Kaustubh bhalerao) followed by the department’s first female fac-
ulty (grace danao) in 2007, to start the new biological engineering 
section . the goal of this section was to develop multidisciplinary re-
search programs in diverse areas such as biological nanotechnology, 
synthetic biology, biosensors, ecosystems engineering and advanced 
life support systems . all of these areas are multidisciplinary in nature 
and have allowed the department to build bridged with other depart-
ments and researcher centers on campus and led to increased vis-
ibility of the department at the campus level . since these programs are 
relatively recent and growing quickly, they represent ongoing projects . 

Biological Nanotechnology

Kaustubh bhalerao and his graduate student, munima haque, worked 
on characterizing the mechanism of corn protein aggregation in dif-
ferent solvent conditions . this waxy protein, called zein, constitutes the 
major fraction of distillers dry grains with solubles (ddgs), the by-



product of ethanol production from corn . ddgs is used to feed swine, 
but zein is not easily digested and ends up as excess nitrogen in the soil . 
Zein is resistant against digestive enzymes because of its insolubility 
in water . however, zein is soluble in a mixture of ethanol and water 
and is biodegradable in the long run . as a biopolymer, it has potential 
as a novel renewable resource for developing packaging materials for 
food or pharmaceutical purposes, and was used as a textile in the 1950s 
under the brand name vicara® before synthetic polymers became eco-
nomically competitive . 

Zein’s aggregation behavior is similar to behaviors seen in beta-amy-
loid proteins responsible for alzheimer’s disease as well as other protein 
aggregation diseases such as bovine serum encephalopathy (mad cow 
disease) and sickle cell anemia . thus zein makes an excellent and simple 
model system from which to learn more about protein aggregation . 
one ph .d . student, in collaborations with civil and environmental 
engineering and the department of food science and human nutri-
tion, is studying zein aggregation .

 in 2009, bhalerao and rashid bashir (electrical and computer en-
gineering and director of the micro and nanotechnology laboratory) 
won an nsf grant to study the effect of aerosolized nanoparticles on 
cyanobacteria . cyanobacteria are photosynthetic bacteria that form the 
lowest strata of our food chain . an imbalance at this level has the po-
tential to transmit up the food chain with an increasing impact through 
accumulation of the particles in different species . the hypothesis be-
hind this research was that aerosolization can significantly alter the up-
take kinetics of the nanoparticles and has implications on the dispersal 
of particles in the environment . two ms students, sun min Kim and 
vaisak parakett worked on the project . the former has a bs degree in 
environmental engineering, while the latter has a bs in biotechnol-
ogy, which highlights the different skill sets necessary to tackle such 
problems . 

Nanotechnology 

Introduction

richard feynman, in a december, 1959 talk to the american physical 
society at the california institute of technology, described molecular 
machines building with atomic precision, thus introducing what came 
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to be known as nanotechnology . feynman said that “the biological ex-
ample of writing information on a small scale has inspired me to think 
of something that should be possible” . the term, nanotechnology, was 
first used by norio taniguchi in a paper he presented in 1974 on an 
ion-sputtering machining . nanotechnology can be described as tech-
nology in which the structure of matter is controlled at the scale of 
nanometers, i .e ., 1 to 100 nanometers (a nanometer is one-billionth 
of a meter and a sheet of paper is about 100,000 nanometers thick), 
where unique phenomena enable novel applications . nanotechnology 
involves imaging, measuring, modeling, and manipulating matter at this 
length scale . unusual physical, chemical, and biological properties can 
emerge in materials at the nanoscale . these properties may differ in 
important ways from the properties of bulk materials and single atoms 
or molecules .

theoretical studies in chemistry and physics led to predictions as to 
the kinds of systems that would eventually be possible as our ability 
to control the structure of matter at the nanoscale increased . While, in 
2009, much of the promise of nanotechnology was still in the future, 
nanotechnology had already produced some useful products . among 
them were antibacterial kitchen and tableware with nanosilver coat-
ing, which could also kill bacteria and microbes, and avoid disease . the 
global market for goods based on nanotechnology was predicted to 
grow from $147 billion in 2007 to $3 .1 trillion in 2015, according to 
the research and advisory firm lux research .

engineers previously built materials and devices using a top-down 
approach . by contrast, nanotechnology starts at the bottom, with the 
most fundamental structures of matter, and offers the possibility of en-
gineering unimaginably tiny devices and systems . nanotechnology 
made possible a total rethinking of how we could create faster, lighter, 
and stronger materials and devices . these ultra-small devices prom-
ised extraordinary energy saving features such as multi-functionality, 
portability, and inter-operability . as nanotechnology developed, it was 
important to avoid raising unrealistic expectations and anxieties . nano-
technology was not going to solve all the major problems of the world, 
nor was it going to produce self-replicating nanorobots that take over 
the world . however, several of the u .n . millennium development 
goals were possible by leveraging nanotechnology . 

What follows is a snapshot of some of the agricultural, biological, 



and food applications that, in 2009, were under active research and 
development at the department of agricultural and biological engi-
neering in association with the university of illinois center for na-
noscale science and technology (cnst) collaboratory, and the micro 
and nanotechnology laboratory (mntl) .

mechanobiology: experimental evidence at the confluence of bi-
ology and engineering suggested that extracellular and intracellular 
mechanical forces have a profound influence on a wide range of cell 
behavior such as growth, differentiation, apoptosis, gene expression, ad-
hesion and signal transduction . advances in micro and nanotechnology 
offered unique opportunities for probing biological phenomena at a 
cellular and sub-cellular scale, which is likely to have major impact on 
the study of cell mechanics . irfan ahmad, taher saif of mechse, and 
hanafy fouly and henry Wilkinson of nres worked on developing 
a nano-electro-mechanical system (nems) for pathogenesis of fungi, 
by studying infectious hyphae invading cortical tissue for gaeuman-
nomyces graminis var . tritici , a fungus causing take-all of wheat . the 
nems could be adapted for studying food pathogens such as e .coli 
and salmonella . 

Nanoagriculture

biosensors: increases in the number and ferocity of the hurricanes hit-
ting the u .s . coasts increased the risk of attack on the soybean crops 
by rust spores . Knowing whether to apply fungicides was a perplexing 
question . two different fungal species, phakopsora pachyrhizi and pha-
kopsora meibomiae, caused soybean rust with the potential to decimate 
soybean crops and cause huge economic losses . therefore, timely de-
tection of soybean rust spore detection was critical . irfan ahmad (abe, 
cnst, and micro and nanotechnology laboratory), brian cunning-
ham (electrical and computer engineering, mntl), glenn hartman 
(united states department of agriculture), and linda Kull (soybean 
disease biotechnology center) worked collaboratively in developing 
field-deployable biosensors for early detection of the spores . 

Carbon Nanotubes for Enhanced Crop Germination and Growth

carbon nanotubes (cnts), are allotropes of carbon with a cylinderi-
cal nanostructure with novel properties . cnts can penetrate plant cell 
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walls and significantly influence biological activities by acting as smart 
delivery systems in plants . irfan ahmad at abe and cnst, linda Kull 
(soybean disease biotechnology center), fabián fernández (crop sci-
ences), and John rogers (materials science and engineering) worked 
on using cnts to produce for bigger and better soybean seeds .

nanomedicine for cancer research . in 2009, over 70% of the devel-
oping world’s population still depended on the complementary and al-
ternative systems of medicine (cam) . evidence-based cam therapies 
showed remarkable success in healing acute as well as chronic diseases . 
pakistan was among the eight leading exporters of medicinal plants . 
Kenneth Watkin, college of applied health sciences, irfan ahmad, 
abe, brian cunningham (ece), university of illinois, and atiya ab-
basi (chemistry, university of Karachi) did cams research funded by 
the usaid and the higher education commission of pakistan . the 
overall objective was to develop partnerships and strengthen the nano-
medicine infrastructure through synergistic integration of research, ed-
ucation, and training . plant extracts such as curcumin (curcuma longa) 
from the university of Karachi were tested using bionanophotonic 
crystal sensors from the university of illinois to study their affect on 
breast cancer cells . 

Societal Implications 

irfan ahmad delivered lectures on societal implications of nanotech-
nology in biosensors classes at the college of engineering . semester-
long courses were offered by irfan ahmad on biomedical applica-
tions of nanotechnology jointly with Washington university medical 
school, and were made available to the university of missouri, and the 
university of Karachi, pakistan . the lectures and courses were aimed at 
engaging the public on the societal issues and opportunities in nano-
technology research and development for agricultural, biological, food, 
environmental and energy applications .
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T
he university extension service was in a downsizing mode through 
the 1980s and 90s, as federal funds from the smith-lever act con-
tinued to decline . downsizing came in two ways . often, retir-

ing extension staff members were not replaced . in addition, faculty 
remaining on the extension staff had official appointments shifted to 
include more teaching and/or research . by 2009, the abe department 
had only three faculty members with partial extension appointments, 
i .e ., bob aherin, ted funk and richard cooke . the reduction in ex-
tension faculty members led to changes in how the extension pro-
gram was conducted . some subject matter areas were simply dropped . 
some academic professionals were employed to assist the remaining 
faculty members . also, scheduling of face-to-face meetings with pro-
ducer groups declined . instead, extension faculty began concentrating 
on developing extension teaching materials for delivery by extension 
educators or via electronic media . the extension program conducted 
between 1997 and 2009 is described in the paragraphs below, broken 
out by subject matter area .

Farm Machinery

John siemens served on a research and extension appointment until 
his retirement in 1999 . his research was closely linked to his extension 
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activities . his three major thrusts were on machinery management, till-
age and soil compaction .

maintaining a set of farm machinery is a major cost in agricultural 
production . choosing machines that are too large results in unnecessary 
expense, while choosing undersized machinery can result in expensive 
crop losses . siemens and his graduate students developed computer 
software that calculated the optimum sizes of farm machines for any 
given farm . the software considered the probability of good working 
days in scheduling farm operations that could be completed in a timely 
manner . the software selected a compatible set of machinery such that, 
for example, the tractor or tractors were capable of handling the ma-
chines to which they were connected . siemens brought the software to 
the attention of illinois farmers through his extension program . deere 
and company also made use of the software to help their customers 
choose equipment .

in 1981, the illinois department of agriculture set a t-2000 goal, 
i .e ., to achieve a tolerable level of soil erosion loss by the year 2000 . the 
tolerable level was an annual loss of up to five tons per acre, the theo-
retical rate at which soil can be replaced by natural processes . siemens 
experimented with a variety of tillage practices aimed at reducing soil 
erosion . the results were brought to the attention of illinois farmers 
through siemens’ extension program, including exhibits at the annual 
agronomy days on the south farms . a major part of achieving t-2000 
was retiring the moldboard plow . chisel plowing and other reduced-
tillage operations came into practice as a way to leave crop residues 
at the ground surface to resist erosion . siemens’ activities led to him 
being selected to receive the asabe John deere gold medal award 
in 1999 . since John deere came into prominence for inventing the 
self-scouring moldboard plow, it was ironic that siemens won the John 
deere gold medal for helping to retire the moldboard plow .

With the growth in the size of farm tractors, concern arose in illi-
nois as to the effect of wheel traffic on soil compaction . siemens began 
research to study the effect of tractors on soil compaction . his stud-
ies showed that soil compaction can reduce crop yields, especially in 
wet years when compaction caused drainage to be inadequate . siemens 
brought the research results to the attention of illinois farmers through 
his extension program, including exhibits at the annual agronomy 
days on the south farms .



When siemens retired in 1999, shufeng han was hired to fill the va-
cant position and to establish a program in precision agriculture . use of 
yield monitors and other precision agriculture technology was grow-
ing rapidly and han’s objective was to help producers learn how to use 
the new technology . after only two years on the faculty, han was lured 
away by deere and company to work on precision agriculture . due to 
budget shortfalls, the department was not permitted to fill the position 
and it was lost . that position loss ended the department’s extension 
activities in the farm machinery area .

Pesticide Application

the department has maintained a prominent state and regional educa-
tional program regarding the technology for applying pesticides and fer-
tilizers since the 1960’s . Wendell bowers, John siemens, and loren bode 
provided the leadership for this outreach effort throughout the years . 
the greatest changes in the application of agricultural chemicals since 
the mid 1990’s included the use of electronics such as variable rate con-
trol and automatic swath control, and the introduction of new nozzle 
designs for the reduction of spray drift . the abe extension staff worked 
with pesticide applicators in the adoption of the new technology .

 the abe department cooperated with other departments in the 
college of aces in providing education to farmers and commercial 
applicators on best practices for the efficient and safe use of pesticides . 
training clinics were provided to enable applicators to meet certifica-
tion requirements of the state as well as usepa . loren bode provided 
leadership for the application and equipment segment of the certifica-
tion and training program from 1973 until his retirement . several pes-
ticide application specialists also assisted in providing the educational 
clinics for both commercial and private applicators . these included 
steve pearson, bob Wolf, and mark mohr . at time of writing, scott 
bretthauer was handling the pesticide application program for the de-
partment . steve pearson became vice president for international sales 
with spraying systems company, bob Wolf became a professor in the 
abe department at Kansas state university, and mark mohr began 
leading the spray nozzle group at the hypro pump division . the en-
tire pesticide education safety program (psep) including the salaries 
of the specialists is self -supporting with income from training clinics, 
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training materials, and state and federal grants . annual expenditures for 
the psep program now exceed one-half million dollars . 

a variety of venues are used to provide the education regarding the 
safe and effective use of pesticides . typically, these include presentations 
at the annual agronomy day at the south farms, a spray school held 
on campus each January, and a training circuit at approximately thirty 
locations throughout illinois . at each location on the circuit, a team 
consisting of specialists from abe, crop sciences, and nres delivers 
educational modules for specific categories of commercial operators 
and applicators . following the training, representatives of the illinois 
department of agriculture administer exams to the participants that, if 
passed, would allow those in attendance to become certified applicators . 

bode and/or his assistants also conducted fly-in clinics at various lo-
cations in illinois as well as other states . aerial applicators brought their 
spray planes to these clinics for calibration and analysis of the spray 
distribution pattern . each plane flew passes over a collection system 
aligned across the runway . the results were analyzed and produced a 
summary of the spray pattern and droplet size distribution . any needed 
changes in nozzles, spray pressure spray height, etc ., could be made 
based on the pattern and additional passes flown for verification . the 
fly-in clinics have significantly improved the aerial application of pesti-
cide not only in illinois but throughout the mid-west . 

Farm safety and health

bob aherin served on a research and extension appointment . chip pe-
trea was supported on grant funds . together, they did research that fed 
into their numerous extension activities on farm safety . 

the goal of the disabled farmers’ project was to develop a model 
program for providing comprehensive assistance to illinois farmers 
with physical disabilities . research established the need for such as-
sistance among farmers .

a project was conducted to empower communities to identify agri-
cultural safety and health issues of concern and to advance appropriate 
intervention programs . the project was set up in six demonstration 
counties in illinois . two major medical centers served as a regional 
project sponsor . strategies were developed to support the continuation 
of the project within the community .



chip petrea, bob aherin and phil buriak participated in the illi-
nois easter seal society’s tasK (teaching agricultural safety to Kids) 
program . the tasK strategy was to train ffa students to make pre-
sentations on agricultural safety and health issues to elementary school 
students . the abe participants observed and evaluated the training 
received by the ffa students, then evaluated the immediate and one-
year impacts of the tasK presentations to the elementary students .

With support from the centers for disease control and prevention, 
petrea and cooperators from outside the abe department mounted a 
program to reduce eye injuries and illnesses in latino farm workers . 
the goal was to determine the intentions and prominent beliefs of the 
workers towards the prevention strategies currently being utilized and 
then develop an intervention program based on those intentions and 
beliefs . by building a partnership among university researchers, advo-
cacy groups, latino farm workers and local health care professionals, a 
long-term eye injury and illness prevention program was established .

aherin and petrea participated in an effort by illinois agricultural 
safety proponents to design and produce a retro-reflective marking sys-
tem to improve the visibility of farm equipment on public roads . the 
product was called farm (fewer accidents with reflective material) 
kit . aherin and petrea conducted a survey that found that 61% of those 
surveyed were familiar with farm kit .

the national farm children’s center for agricultural health and 
safety and the carle foundation center for rural health and farm 
safety sponsored a project by aherin and his cooperators to provide 
farm safety training to rural youth aged 6 to 13, including a number 
of amish youth . a farm safety mobile was equipped with training 
modules, then transported to rural communities for presentation to 
the youth . the project was evaluated as to impact and behavior change .

chip petrea assisted the board of directors of the national insti-
tute for farm safety by serving as their administrative secretary . his 
duties included writing minutes of board meetings and assisting with 
communications between board members, institute members and with 
outside entities .

Processing

the processing group, led by steve eckhoff, conducted wet milling 
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short courses as part of the outreach program of the department . the 
purpose of the courses was described as “to provide fundamental un-
derstanding of the corn wet milling process, equipment, unit opera-
tions and industry trends for representatives of the wet milling and 
allied industries . the course is ideal for corn wet millers, equipment 
vendors, enzyme companies, trade organizations and companies allied 
with the corn processing industry .” the teaching faculty for the short 
courses included steve eckhoff, Kent rausch, marvin paulsen, mike 
tumbleson and vijay singh, plus selected experts from off campus . typ-
ical topics included drying, handling and storage of corn, kernel struc-
ture, composition and chemistry and numerous other topics relevant to 
corn wet milling . at least six such short courses were conducted over 
the years, including one held in January, 2009 .

the processing group also held starch technology conferences, be-
ginning in 1999 and repeated at two year intervals . typically the con-
ferences were held at off-campus sites in champaign/urbana, starting 
on a sunday and concluding on a Wednesday . speakers included de-
partmental faculty members as well as people employed in industry and 
government . in addition to oral presentation of papers, poster sessions 
were held . a conference proceedings was published after each confer-
ence . While the conferences all related to starch technology, the special 
focus changed from conference to conference . for example, the June 
2007 conference focus was on energy issues . 

Livestock

the abe department has a long history of conducting extension ac-
tivities for the illinois livestock industry . art muehling did extensive 
extension work for the illinois swine industry until his retirement in 
1992 . after muehling’s retirement, ted funk moved from the effing-
ham area extension office and joined the abe faculty to continue the 
livestock extension work at the state level . he was joined in august 
1997 by randy fonner, an academic professional . the primary focus 
of their work was to help illinois livestock producers cope with state 
regulations regarding livestock wastes . these regulations were part of 
the management facilities act passed by the illinois legislature on my 
21, 1996 . one of the requirements of the new act was that livestock 
facilities with over 300 animal units (for example, 750 finishing hogs, 



214 dairy cows or 300 beef feeders) were required to have at least one 
person certified in waste management . at the time of passage of the 
act, illinois had an estimated 2,500 livestock operations subject to the 
act . fonner was hired specifically to coordinate the new state-mandat-
ed training program, called the certified livestock manager training 
(clmt), for livestock producers . the clmt program developed by 
abe was later adapted and adopted by other states and national orga-
nizations .

three illinois agencies each had different requirements regard-
ing livestock wastes . these are the illinois department of agriculture 
(idoa), the natural resources conservation service (nrcs) and the 
illinois environmental protection agency (iepa) . funk and fonner 
worked with representatives of the three organizations in developing 
a manure management plan handbook for illinois livestock producers . 
producers used the handbook to develop plans and document that 
their livestock waste handling procedures would be in compliance with 
the regulations of the idoa and the iepa, and the plan suggestions 
of nrcs . Wastes included animal manure, wastewater, and carcasses of 
animals that died on the farm .

a primary goal of the livestock waste regulations was to keep exces-
sive plant nutrients, especially nitrogen and phosphorus, from entering 
surface waters of the state . thus, the workbook prepared by funk and 
fonner helped producers estimate the quantity and composition of the 
manure based on the age, size and number of each animal species on 
the farm . the workbook also helped document details of manure stor-
age and the spreading of manure on the land such that the nutrients ap-
plied would not exceed the rate at which the crop could use them . the 
workbook also helped producers document that manure and waste-
water would not be able to be carried to streams by rainfall runoff . 
the workbook also helped producers document how animals that died 
during production would be handled, for example, by composting .

funk and fonner communicated with producers in a variety of 
ways . the workbook was made available to producers by posting it on 
the world-wide web and by releasing it on a cd-rom . funk and/or 
fonner also attended numerous conferences, with regulatory agencies 
to prepare for the writing of the workbook and also with producers 
to assist them in complying with the regulations . the first series of 15 
statewide training sessions took place in march through July of 1997 
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and 2,350 farmers, consultants and others were trained . the clm cer-
tification program requires each facility to send a management-level 
person for training every three years, so the program provided an op-
portunity for the bee group to regularly impact the illinois livestock 
industry .

another continuing bee extension programs included a biannual 
livestock manure management conference for farmers, agencies and 
educators . the bee group also conducted a statewide human housing 
program emphasizing indoor air quality issues and human health, in-
cluding radon mitigation, mold cleanup and home energy conservation .

Soil and Water

soil and Water extension programs continued to include soil erosion 
control and drainage topics, but also increasingly emphasized water 
quality . michael hirschi continued to lead the soil and Water extension 
effort until he accepted the position of assistant dean – undergradu-
ate programs, college of engineering in 2007 . his extension activities 
included Water Quality program coordinator, university of illinois 
extension; leader, Water Quality strategic research initiative, illinois 
council on food and agricultural research; and technical advisor, 
conservation technology information center, West lafayette, in . he 
was a member and leader of several extension education teams includ-
ing the natural resources management program team, which coor-
dinated statewide education and professional development efforts in 
natural resource management and the Water Quality publications team 
that developed and produced materials for water quality outreach . 

hirschi’s educational program expanded from erosion and sedimen-
tation to the larger area of water quality because fertilizer and pesticide 
contaminants in both surface and groundwater became a national pri-
ority . hirschi created innovative ways to educate farmers, and hom-
eowners about ways contamination occurs and how they can improve 
the quality of our nation’s water supply . of major importance was a 
series of award winning publications entitled “this land” . this series 
proved to be a particularly effective means of communicating with 
extension clientele . interest in the “this land” series has been high as 
evidenced by the fact that the initial monograph, “50 Ways farmers 
can protect their groundwater” is in its second printing . the sec-



ond monograph, “57 Ways you can protect your home environment”, 
is oriented to the consumer/homeowner and has increased general 
public awareness of water quality . both monographs have won techni-
cal (asae) and communication (aaac) awards . a third monograph, 
“60 Ways farmers can protect surface Water” is also receiving wide 
acceptance and use among extension educators . a measure of the im-
pact of this series is that they are available in book stores in addition 
to normal extension outlets . hirschi has consistently provided tillage/
erosion or water quality presentations at county and regional meetings 
as requested; totaling 209 presentations since 1990 . 

hirschi gradually accepted more teaching responsibilities and some 
extension activities were picked up by other faculty .  as noted in 
“agricultural engineering on the prairie: illinois style” the depart-
ment has had a close association with the illinois land improvement 
contractors association (ilica) since its beginnings when prof . hay 
assisted in the initial organization . the aim of the association is to 
encourage high standards of workmanship in resource management, 
land improvement practices and to promote private enterprises in land 
improvement contracting .

Kent mitchell served as educational advisor to ilica from 1996 to 
2003 . he immediately became involved in coordinating, planning and 
construction of ponds by ilica for the university arboretum, which 
was a gift-in-kind valued at $600,000 at that time . ilica offered annu-
al workshops which were organized by mitchell in cooperation with 
the Jim evans, state engineer, nrcs . also, semi-annual “conservation 
expos” were offered at various locations in the state with extension 
and nrcs personnel assisting . in 2003, ilica initiated a certification 
program that is a testing and continuing education program that seeks 
to recognize proficiency and professionalism in the land improvement 
field and upgrade the status of land improvement contractors . ilica 
offers five classifications of certification: erosion control, earth-moving, 
drainage, drainage water management, and septic . mitchell helped be-
gin this certification program and continues as the certification testing 
administrator; which requires attendance at workshops to remain cur-
rent on subjects the ilica members are learning . 

richard cooke initially joined the department on a research and 
teaching appointment, but an extension component was added in 
2004 . following one of cooke’s presentations in bloomington, illinois, 
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in 2004, agronomist bob hoeft suggested to bob easter, aces dean, 
that “the college needs to get richard cooke on an extension ap-
pointment, as he does a great job of delivering the message on water 
management .” cooke used his extension appointment to feed research 
results to farmers and contractors in illinois . cooke became the educa-
tion advisor to ilica in 2003 and has worked closely with that or-
ganization . paired research/demonstration sites were established at 18 
places in illinois, one site as a control and the other implementing some 
conservation drainage practice . one practice was to install structures to 
regulate tile flow as a way to reduce nutrient (especially nitrates and 
phosphorous) flow into rivers and lakes and also to regulate the water 
table height to benefit crop growth . another project was to map the 
location of drainage tiles in illinois by using image analysis software 
to analyze aerial images of fields . in addition to working with ilica, 
cooke delivered his research results through some direct meetings 
with farmers, through presentations at drainage and crop workshops 
throughout the state and at agronomy days at the south farms . in 
2007 he initiated a series of four one-day basic drainage workshops in 
different sections of the state, and was the main instructor at a two-day 
advanced drainage workshop, patterned after the overholt drainage 
school in ohio, he updated and improved the illinois drainage guide 
and developed it for on-line access . this improvement enables all users 
to easily access the design information to develop appropriate drainage 
systems and allows farmers to calculate the costs and benefits of tile 
drainage on their own farms .

ABE Extension Affiliates

in 2000, each extension educator out in the state was given the op-
portunity to affiliate with the department of his/her choice on a zero-
time appointment . five extension educators chose to affiliate with the 
abe department . these were george czapar of the springfield office, 
robert frazee and stanley solomon of the east peoria office, michael 
plumer of the carbondale office and duane friend of the Jackson-
ville office . the Jacksonville office is a satellite of the springfield office . 
frazee, friend and plumer worked in the area of natural resource man-
agement . czapar worked on pest management and solomon worked 
on engineering technology .
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T
he abe department has an extensive history of international in-
volvement . in the 1960s, for example, abe faculty members were 
involved in starting the gb pant university of agriculture and 

technology in india . the abe department has a cosmopolitan faculty, 
more than half of whom grew up in other countries . these include 
richard cooke from the West indies, grace danao from the phillip-
pines, tony grift from the netherlands, al hansen from Zimbabwe, 
K .c . ting from taiwan, Kaustubh bhalerao, prasanta Kalita, and vijay 
singh from india, and lei tian, Xinlei Wang, Qin Zhang and yuanhui 
Zhang from china . in addition, typically at least half of the post doc-
toral and graduate students in the department have been from other 
countries . the department served as host to numerous visiting scholars, 
most of who were from other counties . a list of visiting scholars is giv-
en in the appendix . also, some departmental students have participated 
in study-abroad programs and the department has hosted study-abroad 
students from other countries . specific examples of departmental in-
ternational activities are described below .

Republic of South Africa

in the summer of 2004, al hansen took a group of abe students 
on a four-week trip to south africa to work with students enrolled at 
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the university of KwaZulu-natal (uKZn) . similar trips were made in 
the summers of 2006 and 2008 and future trips are also planned . the 
objectives of the trips were to expose students to a different culture and 
to the application of technologies appropriate to south african needs 
by collaborating on short-term engineering design projects with south 
african students . in the spring semester preceding each trip, each par-
ticipant was required to present a paper on an assigned aspect of south 
africa and its culture . at the end of the semester, the abe students met 
their uKZn counterpart students via a videoconference .

in the summer, al hansen flew to south africa with the students to 
meet the uKZn counterpart students and begin the project activities . 
the projects were selected by the abe students from a list of pos-
sible projects submitted by uKZn . the students spent approximately 
12 days working intensively on the projects in collaboration with the 
uKZn students . the students also went on guided excursions to a 
number of game reserves to see wild animals indigenous to south af-
rica . they also made visits to mountainous and coastal areas to provide 
the students with a broad exposure to south african society, culture 
and its rich ecology and wildlife .

equipment, software and sensors needed in the research projects were 
purchased using funds from deere and company and from the abe 
department . these items were left behind for the use of the uKZn 
students when the abe students returned to university of illinois . 

after returning from south africa, each abe student completed a 
survey form to provide feedback . most students indicated the experi-
ence had a beneficial effect; about half said the experience substantially 
improved their teamwork and interpersonal skills . an example of sur-
vey responses was: “going to south africa was an awesome experience 
i will keep with me all of my life . i had a wonderful time learning 
about the country and its people first hand . i also feel that i may have 
helped to introduce technology that will help improve their agricul-
tural productivity in the future .”

following is a list of projects and abe student participants for the 
three trips to south africa . except where indicated in parentheses, each 
student was an abe undergraduate engineering student .



Projects 2004

1 .  precision agriculture systems
 students: scott dixon, Kevin Knapp, Justin bruns
2 .  sugar cane cutter performance
 students: anthony mccullough, nick Jones (tsm)
3 .  design of a micro-flood irrigation system
 students: laura schutte (grad), geri Wellen
4 .  sugar cane crane with automatic weighing system
 students: seth Wenzel, Zach Waite

Projects 2006

1 .  designing and manufacturing a torque meter sensor for closed 
loop pto dynamometer testing

 students: andrew lenkaitis, amanda olsen, matthew Whyte
2 .  design and construction of a pedal-kayak
 students: paul davidson (grad), luke Zwilling
3 .  design and construction of a production unit for biodiesel
 students: Jonathon mccrady (grad), Joshua vonk

Projects 2008

1 .  design of a small scale pyrolysis device for cottage industry char-
coal production

 students: Jenita Johnson (tsm), curtis Zurliene
2 .  design, construction and testing of a jab planter
 students: Jason buss, michael leick
3 .  innovative heating and cooling for a broiler chicken house using 

a heat pump water heater system
 students: J . malia appleford (grad), John scheider, Jacob Walker
4 .  design of a small scale biomass cooking and heating device for 

low income households
 students: patrick malone (tsm), ryan richards (tsm)
5 .  micro-algae biodiesel production system
 students: elizabeth brooks, rachel trigger (australian exchange 

student)
6 .  Wastewater treatment at the shallow drift/umgeni crocodile farm
 student: malia appleford (grad)
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Greece

in the summer of 2009, steve Zahos took seven illinois students to 
greece on a “cradle of democracy” tour . he coordinated the tour 
with dr . george papadakis of the agricultural university of athens 
aua) . papadakis’ two research areas were renewable energy and micro-
grids for providing power and desalinated sea water . the illinois stu-
dents chose projects from among these areas .

illinois students eric stein, cris noble and shikhank sharma stud-
ied mini-grids, micro-grids and smart grids . sarah sotiropoulos and 
emmy riley studied biofuels . amy balek and brent dirks studied pho-
tovoltaic power and solar thermal energy storage . each illinois student 
team worked with one or two aua graduate students . 

Zahos and the illinois students also spent time on educational and 
cultural excursions . one trip was to the university of thessaly to ob-
serve the making of stove fuel pellets from agricultural materials . they 
also visited terra, greece’s largest manufacturer of agricultural 
equipment . another trip was to the island of Kythnos to see a photo-
voltaic hybrid system developed by the european union . the system 
uses solar and wind energy to power houses on the island . since dr . 
papadakis had a summer house on the island, the students were able to 
enjoy the local beach .

other cultural outings included trips to the olympic stadium, the 
parthenon, the acropolis and the islands of crete and santorini . sa-
torini has a dormant volcano off the coast . gasses from the volcano 
heats the sea water and visitors can see water swirling as the hot water 
contacts the cold water of the sea .

at the time of writing, Zahos was planning to conduct a similar tour 
to greece in 2010 .

India

an experience in india began when, in the spring of 2006, students in 
prasanta Kalita’s abe 456 course decided to write a grant proposal in-
stead of a research paper . the proposal, on bio-remedidation of agricul-
tural chemicals to protect groundwater, was submitted to the epa p3 
(people – prosperity – planet) project and was funded in the amount of 
$10,000 . the funds enabled the class graduate and undergraduate stu-
dents to compete in a sustainable design experience in Washington, 



dc, in april, 2007 . When it concluded, the epa director announced 
that the abe team was one of 6 (out of 50) winners of a $75,000 grant 
for additional work . the team also had breakfast with illinois senators 
durbin and obama .

the additional funds enabled the team to add an international ele-
ment to their project on biofiltration . in december, 2007, Kalita and 
his students traveled to india to visit the gb pant university of agri-
culture and technology . this university was started as part of the uni-
versity of illinois extension mission in the 1960s . despite struggling 
with a language barrier and a scarcity of tools, the abe team installed 
a biofiltration system during the visit . they also visited numerous his-
torical sites, including the taj mahal and also had an opportunity to 
learn about the people and culture of india .

the participants in the india experience included the following; all 
except one (a student from purdue) were from the university of il-
linois:

1 . stephen anderson -graduate student , abe  
2 . J . malia appleford  - graduate student, abe  
3 . elizabeth brooks - undergraduate student , abe  
4 . paul davidson - graduate student, abe  
5 . Joseph good - undergraduate student, cee  
6 .  gregory goodwin, graduate student, abe  
7 . daniel Koch, graduate student, abe  
8 . amanda olsen, undergraduate student, abe  
9 . curtis Zurliene, undergraduate student, abe  
10 . luke Zwilling, undergraduate student, abe  
11 . debapriya mazumdar, grad student, dept of chemistry,  
 uiuc  
12 . lindsey birt, graduate student, abe, purdue  
13 . richard cooke, abe faculty 
14 . laura hahn, center for teaching excellence  
15 . cheelan bo-linn, center for teaching excellence  
16 . prasanta Kalita, abe faculty

Egypt

phil buriak visited egypt three times as an agricultural mechaniza-
tion consultant . he worked with selected egyptian faculty members 
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in preparing instructional materials to enhance practical and techni-
cal training in selected agricultural mechanization courses for the 50 
agricultural technical schools (atss) in egypt . the materials were 
for development of psychomotor skills, skill sheets, job descriptions 
for functions in upper egypt, task title glossaries and evaluation ru-
bics . counterpart egyptian faculty members will introduce the new 
teaching materials to enhance the capacity of ats teachers to provide 
practical skill training to their students . education for employment was 
the principal goal .

Poland

Kent mitchell was a visiting professor in the department of hydrau-
lic structures, faculty of land reclamation and environmental engi-
neering, Warsaw agricultural university (Wau), Warsaw, poland from 
august to early december, 1998 . he worked with with dr . Kazimierz 
banasik, who was involved in the hydrology of agricultural watersheds, 
rivers and reservoirs, and investigations and physical modeling of hy-
draulic structures . mitchell also chaired a technical session and present-
ed a paper at the 3rd international conference on hydroscience and 
engineering in cottbus, germany and at the conference on environ-
mental and technical problems of Water management for sustainable 
development at Wau . he gave lectures to classes on erosion mechan-
ics, erosion and Water Quality and erosion control . he presented the 
lecture for inauguration ceremonies for the inter faculty program 
of environmental studies, Wau, and radom college . he was also in-
volved in many other research and teaching activities . mitchell was also 
an invited guest speaker at institute of geophysics, polish academy of 
sciences, Warsaw, poland . 

in 2001, the honorary badge, Warsaw agricultural university, War-
saw, poland for “recognition of meritorious service to Warsaw agricul-
tural university” was conferred on mitchell by the Wau senate .

in 2002, mitchell was invited to chair a session at the fifth interna-
tional conference on hydro-science and engineering, Warsaw, poland . 
in 2004, he was invited to chair a session at the sixth international 
conference on hydro-science and engineering, brisbane, australia . 

from June to december, 191, elizabeth bruns was an international 
4h exchange student to poland .



China

for more than two decades, robert easter worked with the ameri-
can soybean association and the us soybean export council office 
in beijing to bring practical swine production workshops to chinese 
livestock producers, feed company technical consultants, the ministry 
of agriculture and provincial extension agents . these workshops con-
tinued after easter became aces dean . ted funk was the swine facili-
ties agricultural engineer on a four-person team for five summer trips 
of two weeks each in the period, 2004-2008 . the other members on 
the team were experts on genetics and meat quality, nutrition, and vet-
erinary medicine . the teams also included four translators . each team 
performed farm visits, workshops and seminars in three different loca-
tions for a total of six locations reached each year .

funk observed many local swine facilities with their construction 
and management practices, and made recommendations based on his 
experiences in north american and elsewhere . he taught workshop 
segments on confinement building ventilation, building management, 
flooring, manure handling systems, remodeling, biosecurity, and build-
ing security .

England

during the period that silsoe college offered undergraduate degrees 
in agricultural engineering, the abe department at illinois had an 
exchange program with silsoe college . students from the abe depart-
ment would spend a semester or two studying at silsoe college and 
students from silsoe college would spend a semester or two studying 
in the abe department at illinois . careful advising was used to allow 
these study abroad experiences without delaying the earning of the bs 
degrees . a summary of these study abroad experiences is given below .
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8  |  f a c u lt y  p ro f i l e s

A 
total of 47 people had faculty appointments in the abe depart-
ment between 1997 and 2009 . of these, 15 joined the depart-
ment during that period, 6 continued their faculty appointments 

and 18 departed, either to accept new assignments or to retire . also, 
8 people had paid appointments in other departments or institutions 
but were granted courtesy appointments in the abe department . the 
changes in faculty appointments were described in chapter 2, chang-
ing of the guard . a complete list of faculty members is given in the 
appendix . the purpose of chapter 8 is to provide a personal profile of 
each of the 18 faculty members who left the department between 1997 
and 2009 . those profiles are given below .

Paul Benson 
1978-2002 

dr . paul benson was raised on a farm near morris, 
illinois . benson received his bachelor’s degree in ag-
ricultural mechanization from the university of il-
linois . he operated a grain and dairy farm until 1975 . 
during that time, he taught science at morris Junior 

high school and vocational agriculture in the morris community 
high school .
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benson attended southern illinois university and earned his mas-
ter’s in agricultural economics . he returned to the u of i to earn a 
ph .d . in vocational education .

paul began his career at the u of i as a research and teaching as-
sistant in agricultural education in 1978 . he joined the department 
of agricultural engineering as a visiting assistant professor and exten-
sion specialist . benson worked with phil buriak to build the technical 
systems management program into one of the best in the nation . he 
converted the two courses for which he was responsible from basic 
skills to a concentration of current technology . 

benson served as co-advisor for the illini agricultural mechani-
zation club during his entire career . his dedication to his students 
earned him the department teaching excellence award in 1989, 1993 
and 2002 . his dedication to teaching youth was demonstrated in other 
activities as well . he received the ffa honorary state farmers degree 
for his contributions to youth in ffa . he hosted electrical workshops 
for 4-h youth throughout illinois each summer and coordinated 4-h 
projects for state and county fairs . benson served on many other state 
committees, as well as college and department committees .

benson was appointed executive director of the illinois electric 
council (iec) in 1988 and served in that capacity until his retirement . 
benson received the iec merit award for his contributions in 1991, 
and in 1999, he received the professional staff award for sustained ex-
cellence from the college of aces for his contributions to the use of 
electric energy through the iec .

benson retired from the department in July of 2002 .

Stuart J. Birrell 
1996 – 1998

dr . stuart birrell received his bachelor’s degree in 
agricultural engineering from the university of 
natal, south africa in 1984 . birrell came to the uni-
versity of illinois in 1985 and earned two degrees in 
agricultural engineering; his master’s in 1987 and 

his ph .d . in 1995 . 
during this time, birrell worked as a graduate research assistant 

for the department of agricultural engineering, where he taught agri-



cultural engineering and agricultural mechanization courses in power 
and machinery; conducted research on distillation of soybean oil to 
produce an alternative diesel fuel; and ran engine performance tests 
of distillates . at the same time, birrell was employed by hitachi, ltd ., 
in tokyo, Japan as a visiting researcher in the hitachi central re-
search library . in this position, birrell conducted research on ion se-
lective membranes for the development of a nitrate ion selective field 
effect transistor sensor resulting in the development of a system for 
real-time soil nutrient sensing at the university of illinois . during this 
time, birrell was recognized with the departmental teaching assistant 
award for excellence in teaching (1988) and the campus recognition 
for excellence in teaching award from the university of illinois (1991) .

upon graduation, birrell was employed by the university of mis-
souri as a research assistant professor in the agricultural engineer-
ing department . While at missouri, birrell participated in the planning 
and implementation of site specific crop management research; worked 
extensively with yield monitors and global positioning system tech-
nology; developed a combine mounted corn population sensor; and 
utilized geostatistics and other methods to analyze the spatial variation 
of crop yield and soil parameters . 

birrell returned to the university of illinois as a visiting assistant 
professor in 1996 . he worked with dr . John hummel on a research 
project to develop a real-time soil nutrient analysis system for precision 
fertilizer application, and he taught the agricultural engineering course 
on instrumentation and measurements .

birrell is currently a member of the faculty in the department of ag-
ricultural and biosystems engineering at iowa state university, where 
he teaches undergraduate courses in agricultural and biosystems en-
gineering and agricultural systems technology . dr . birrell’s research is 
concentrated in two areas; the development of sensors and controls that 
can be applied in advanced machinery control and in precision agri-
culture; and harvest technologies and biomass harvesting and logistics .
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Loren Bode 
1973-2008

dr . loren e . bode received his bachelor’s degree 
in agricultural engineering from the university of 
missouri-columbia in 1965 . he completed his mas-
ter’s in 1967 and his ph .d . in 1972 from the univer-
sity of missouri while working as an ars research 

engineer . in 1972, dr . bode was transferred to stoneville, mississippi 
to initiate an application technology project at the new usda federal 
research center . bode joined the agricultural engineering depart-
ment at the university of illinois in september of 1973 with a re-
search/extension appointment to work on the pesticide application 
portion of power and machinery extension . 

bode’s research, teaching and extension activities relating to equip-
ment for applying agricultural chemicals have made him an acknowl-
edged national authority on pesticide application methods and equip-
ment . highlights of bode’s career include development of techniques 
for measuring pesticide drift and measuring the effectiveness of equip-
ment used for incorporating pesticides into the soil . he designed a 
portable spray “patternator” table which is still widely used to teach 
calibration, selection, and use of spray nozzles and additives . loren has 
written more than 200 publications regarding his research findings, 
which have been recognized with many awards and honors . 

examples of bode’s international reputation include invitations to 
speak and to present papers in brazil, Japan, england and denmark . he 
has received numerous awards and honors, including the college of 
aces senior faculty award for excellence in 1990; the maca edu-
cator’s award in 1991; the national asae young extension Worker 
award in 1993; the college of aces funk award in 1993; and the ben 
and georgeann Jones excellence in teaching award in 2008 . bode has 
served in a variety of positions of leadership in the (now) american 
society of agricultural and biological engineering and was elected as 
a fellow in 1992 . 

bode became the fifth head of the department in 1993 and served 
in that role through december 2004 . many changes occurred during 
his tenure with many new faculty hires, being rated the number one 
department in the nation, and changing the name of the department 



of agricultural and biological engineering . 
bode retired from the department in may of 2008 .

Douglas Bosworth
1996-2004

douglas bosworth was born in goldfield, iowa, and 
received his bachelor’s degree in agricultural engi-
neering from iowa state university in 1962 . in 1964 
he received a master’s degree in agricultural engi-
neering with a minor in theoretical and applied 

mechanics from the university of illinois . 
bosworth began his engineering career at deere and company in 

1959 . for the next 35 years, bosworth served the company in a variety 
of managerial positions, including manager, test engineering; reliabil-
ity manager; division engineer for tillage; manager, manufacturing 
engineering; Works manager; manufacturing manager; manager, en-
gineering test and reliability; and manager, business opportunities . 

during those years, bosworth was an active member of the ameri-
can society of agricultural & biological engineers (asabe), where 
he served as president elect from 1991 to 1992 and as president from 
1992 to 1993 .

bosworth also served on the engineering accreditation commis-
sion (eac) of the accreditation board for engineering and technol-
ogy (abet) from 1985 to 1990 and led ten engineering accreditation 
teams . he was also a program evaluator for fifteen engineering pro-
grams beginning in 1976 . he used that experience to help the col-
lege of aces conduct self-evaluation and the college of engineering 
prepare for abet reviews .

bosworth retired from deere and company in 1994 . he served as 
president of the illinois technology center at savoy from 1995 through 
1997 . he was also the administrative principal of Workspan, inc . from 
1994 through 2000 .

bosworth joined the faculty of the department of agricultural & 
biological engineering at the university of illinois in 1996 . as ad-
junct professor, bosworth taught the senior capstone engineering de-
sign class, which became a model for other departments and colleges 
of how to utilize the product development team process used in in-

faculty profiles  | 181



182 | agricultural and biological engineering at illinois

dustry to teach design . under his tutelage, students tackled real-world 
problems proposed by industry partners, and presented their eventual 
products and solutions to the industry partner in the same manner as 
an internal design team . the students’ designs and solutions were often 
adopted by the industry partners . 

bosworth retired from the department in may of 2004 .

Phil Buriak
1988-2004 

dr . phil buriak came to the department in 1988 as 
an associate professor . buriak earned a bachelor’s in 
biology/secondary education at pennsylvania state 
in 1972 and a master’s in agricultural education in 
1980 . he earned a ph .d . in agricultural education 

from the ohio state university in 1982 . prior to his time at u of i, he 
taught at illinois state and at mississippi state . 

buriak was recruited by carroll goering and roscoe pershing to 
revitalize the agricultural mechanization program . When he joined 
the staff, enrollment in the program had fallen to fewer than 25 ma-
jors . buriak transformed the program to a physics-based curriculum 
focused on the management of agricultural and technical systems and 
almost quadrupled enrollment . he also oversaw the name change from 
agricultural mechanization to technical systems management . 

during buriak’s tenure at the university, his legacy was his rap-
port with his students and his ability to communicate to them his 
passion for excellence . beginning in 1986, buriak won many awards 
for teaching, including the teaching award of merit from the national 
association of college teachers of agriculture in 1986; the teaching 
excellence award from the u of i department of agricultural engi-
neering in 1989, 1992, and 1994; the teaching award of excellence 
from the u of i college of agricultural, consumer and environmental 
sciences in 1997; the senior teaching award of excellence from the u 
of i college of agricultural, consumer and environmental sciences in 
1999; the undergraduate teaching award of excellence from u of i in 
1999; and the national award for excellence in college and univer-
sity teaching from the u .s . department of agriculture in 1999 .

buriak served as advisor to the technical systems management stu-



dent organization and under his guidance, the student club was ranked 
number one 13 times in 15 years . buriak was very active in the ameri-
can society of agricultural and biological engineers and served on a 
variety of education and technical management committees . he is a 
life member of the american association of agricultural education 
and served several years as editor of the Journal of agricultural educa-
tion .

buriak  was a professor in the department from 1988 until his retire-
ment in 2007 .

Les Christianson 
1984-2007

dr . les christianson attended south dakota state 
university and received a bachelor’s degree in agri-
cultural engineering in 1974 and a master’s in 1976 . 
he then attended the university of missouri, colum-
bia, where he received his ph .d . in the same subject .

While earning his ph .d ., christianson served as an instructor at the 
university of missouri from 1976 until his graduation in 1978 . he then 
took a position as an assistant professor in the college of engineering 
at south dakota state university . he remained at south dakota until 
october of 1985, moving into the position of associate professor and 
serving as associate dean of the college .

in october of 1985, christianson joined the faculty of the depart-
ment of agricultural engineering at the university of illinois as an as-
sociate professor . he later served as professor in the department as well 
as in the bioengineering department of the college of engineering . 
in 1982, he became the director of the bioenvironmental engineering 
research laboratory .

throughout his engineering career, christianson has worked as an 
engineering consultant and has been the co-owner of a number of 
businesses, including the illinois technology center (1994-2003); plas-
tic designs, inc . (2003-2008); green valley manufacturing (2003-pres-
ent); WorldWide bioenergy (2007-present); and skyview farms 
(2008-present), where he owns and manages 240 acres of farmland and 
raises dairy steers and purebred sheep . 

christianson has been a member of the american society of ag-
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ricultural and biological engineers since 1971 and a member of the 
american society of heating, refrigerating and air-conditioning en-
gineers since 1972 . he has served on the national pork board and the 
national pork producers council .

christianson was given the teaching excellence award from the 
department in 1987 and 1991; the stanley h . pierce award from the 
college of engineering in 1989, and the andersen consulting award 
for excellence in advising from the college of engineering in 1989, 
1990 and 1991 . 

Carroll E. Goering
1977-1999

carroll e . goering was raised on a farm near platte 
center, nebraska . after serving two years in the us 
army including service in Korea, he graduated from 
the university of nebraska with a bs in agricul-
tural engineering in 1959 . he worked for two years 

on advanced implement design for international harvester company 
in burr ridge, illinois before entering graduate school at iowa state 
university . there he earned an msae and a dual major phd degree, 
with majors in agricultural engineering and engineering mechanics . 

upon graduation in 1965, goering joined the agricultural engi-
neering faculty at the university of missouri-columbia, doing teach-
ing and research . his research there was on vehicle automation and 
on chemical application technology . While at missouri, goering was 
awarded a distinguished faculty award . he spent the academic year, 
1972-73, on sabbatical leave in the agricultural engineering depart-
ment at the university of illinois . 

in 1977, goering joined the agricultural engineering faculty at the 
university of illinois on a teaching and research appointment, filling a 
vacancy created by the death of Jay Weber . goering was leader of the 
off-road equipment engineering area from 1985 until his retirement 
in 1999 . he also chaired the department graduate committee during 
that time, overseeing the graduate student enrollment growth from 25 to 
50 students . his research areas at illinois were in bio-fuels, mechatronics, 
and precision agriculture . two of his research publications won asa-
be outstanding paper awards and two others won honorable mention . 



goering enjoyed teaching and was on the incomplete list of excel-
lent teachers 24 times . he was awarded the senior teaching excellence 
award from the college of aces and the everitt award for teaching 
excellence from the college of engineering . he was a member of the 
aces academy of teaching excellence from 1995 to 1999 . he was 
also awarded a funk award by the college of aces . goering spent all 
of 1984 on sabbatical leave in south africa, where he instructed the 
south africans on how to measure energy release rates from the fuel in 
a running engine . goering was author or coauthor of three textbooks, 
engine and tractor power, engineering principles of agricultural ma-
chines, and off-road vehicle engineering principles . in addition to 
advising ms and phd candidates, goering advised numerous under-
graduate students on their research projects . nine of these undergradu-
ate theses grew into refereed publications in national journals . 

goering was heavily involved in asabe activities, including twice 
chairing the power and machinery division, serving on the asae 
board of directors and on the board of the asabe foundation . While 
chairing the power and machinery division, he led the development of 
the agricultural equipment technology (aetc) series that still con-
tinues annually . nine times, he was awarded presidential citations for 
distinguished service to the society . one of these was for helping the 
society implement an electronic library . another was for serving on the 
3-member committee of the board of directors that rewrote the con-
stitution to decentralize the society . another was for setting up a system 
for periodic dues review and for setting appropriate dues rates . the 
other six citations were for authoring new or revised textbooks . goer-
ing was also awarded the massey-ferguson educational medal and the 
mccormick-case gold medal and was elected an asabe fellow .

the biosystems engineering department at the university of ne-
braska elected goering to their department hall of fame in 2002 . go-
ering had graduated from that department in 1959 . goering retired 
in 1999 . he and his wife, carol, have two daughters, a son and four 
grandchildren .
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Shufeng Han
2000 – 2002

shufeng han received both his bachelor’s (1982) 
and his master’s (1985) degrees in agricultural 
mechanization from Zhejiang university in china . 
he was an instructor in agricultural mechanization 
at Zhejiang university until 1989, when he came to 

the university of illinois to earn his ph .d . in agricultural engineering . 
han first worked in the department as a graduate research as-

sistant while working toward his degree . upon graduation in 1993, he 
took a position as a research associate at Washington state university . 
han returned to the u of i in 2000 as an assistant professor in agri-
cultural engineering . 

in his time with the department, han established a strong research 
program in the areas of precision agriculture, variable rate application 
technologies and off-road vehicle automation . han organized and co-
chaired the first illinois-missouri precision agriculture conference 
and gave numerous presentations to extension educators, grower as-
sociations and farmers to promote precision agriculture in illinois . he 
also managed the agricultural engineering research farm and the 
applied machine vision laboratory . 

han left the u of i in 2002 to take a position as an engineering sci-
entist with John deere intelligent vehicle systems, where he obtained 
eight patents (out of a total of 15 patents) and received two agdem 
innovation and collaboration awards (the highest engineering award 
within the John deere agricultural division) in the last eight years . 
han is currently a senior staff engineer at John deere product engi-
neering center . han is also a collaborator associate professor at iowa 
state university . 

han has been a member of the american society of agricultural 
and biological engineers since 1995, and has served the asabe in a 
number of offices, including vice chair of the iowa section and vice 
chair of the illinois section .



Michael Hirschi
1985-2007

dr . michael hirschi earned both his bachelor’s and 
master’s in agricultural engineering from the uni-
versity of minnesota in 1978 and 1980, respectively . 
he went on to earn a ph .d . in agricultural engi-
neering from the university of Kentucky in 1985 . 

upon graduation, he joined the faculty of the department of agri-
cultural and biological engineering at the university of illinois as an 
assistant professor, working also as a research associate for the army 
corps of engineers as part of his summer appointments .

hirschi’s time with the department spanned 22 years and he served 
in a variety of positions over that period, including section leader in 
the soil and Water division beginning in 1996 and as associate de-
partment head from 2006 to 2008 . hirschi was a valued teacher; his 
course, soil and Water management systems, was highly rated by stu-
dents, and he was voted to the “incomplete list of teachers ranked as 
excellent by their students” each semester the course was taught . he 
was considered an outstanding advisor, working with and advising stu-
dents in agricultural engineering and technical systems management 
in both the college of aces and the college of engineering . 

hirschi’s primary contribution was in extension, where he served 
as an extension specialist for 22 years . he held a variety of leadership 
roles, including acting assistant director for agricultural and natural 
resources for the cooperative extension service, interim associate 
director for the cooperative extension service, leader of the Water 
Quality strategic research initiative for the illinois council on food 
and agricultural research, and Water Quality program coordinator 
for ui extension . 

his contributions to extension have been significant, particularly in 
the areas of water quality improvement and soil conservation practices . 
hirschi emphasized outreach and the need to bring campus research 
to those who can use it to improve their lives, the lives of those around 
them, and the environment . hirschi’s work, in particular on the great 
lakes region Water Quality leadership team, has had a major impact 
on extension programming in soil and water related areas in illinois, 
the great lakes region and the nation . 
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hirschi has been a member of the american society of agricultural 
and biological engineers since 1977 . as such he has served on numer-
ous committees and in various leadership positions . hirschi has earned 
numerous awards throughout his career, including the young faculty 
award for excellence in 1995, the Karl gardner outstanding under-
graduate advising award in 2003, and the senior faculty award for 
excellence in extension in 2007 . 

in 2007, hirschi took a position in the college of engineering as 
interim assistant dean for academic programs; he was later appointed 
assistant dean for undergraduate programs in 2008 .

John W. Hummel
1976 – 2000

John hummel was raised on a dairy and crop farm 
near grantsville, maryland . he was active in 4-h 
and ffa programs, and won the maryland state 
ffa public speaking contest in 1958 . he earned 
his bachelor’s and master’s degrees from the univer-

sity of maryland, and then entered graduate school at the university 
of illinois in 1966 . after completing his ph .d . in 1970, he became an 
assistant professor at the university of maryland with teaching and re-
search responsibilities . he was promoted to associate professor in 1973, 
and became a registered professional engineer in maryland in 1976 . 
in 1976, he returned to the university of illinois to work for the ag-
ricultural research service (ars) of the usda . in 1997, hummel 
served a 2-month assignment as national program leader (acting) for 
engineering/energy programs on the ars national program staff in 
beltsville md . in 2000, the usda transferred hummel to the crop-
ping systems and Water Quality research unit (csWQru) at the 
university of missouri and he served as acting research leader of the 
csWQru (1/03 – 6/03) .

initially, hummel’s research for the ars was on soybean production 
technology, with emphasis on soybean harvesting . he and his coworkers 
developed innovative methods for reducing soybean harvesting losses . 
they created a laboratory stand that permitted taking high-speed mov-
ies of soybean headers as a means of detecting loss mechanisms . this 
led to development of an impact cutter that permitted higher harvest-



ing speeds without increased loss . later, hummel’s research evolved 
into the new field of precision agriculture . hummel and his students 
focused on sensor development, a critical need for precision agricul-
ture . they developed sensors to sense soil organic matter, soil nitrates 
and corn plant populations . at columbia, missouri, he continued his 
research on precision agriculture,

 hummel’s career involved working with numerous students, ini-
tially at the university of maryland, where he served as a part-time 
instructor while doing graduate work . he was later employed as a full-
time faculty member . When he came to the university of illinois as a 
usda employee in 1976, he received a courtesy appointment as an 
associate professor . he was promoted to professor in 1987 . he received 
an appointment to the graduate faculty that enabled him to advise mas-
ter’s and ph .d . students . he also advised numerous students for their 
undergraduate thesis research . in 1996, he was the first winner of the 
aces service recognition award that recognized outstanding affili-
ates of the college . hummel became a member of the doctoral faculty 
of the university of missouri in 2002, enabling him to advise doctoral 
candidates there,

hummel became active in asae (now asabe) early in his career, 
winning the national student paper contest in 1964 . he served on 
numerous committees, and chaired the chemical application, the cul-
tural practices equipment, the precision agriculture, and the power and 
machinery program committees . he served for one year as chair of the 
power and machinery division . in 1989-90, he chaired the society-
wide committee that planned annual meetings . in 1982, he was the sole 
ansi representative at an iso meeting held in europe to negotiate 
new machinery standards . from 1983 to 1992, he represented the u .s . 
on the technical advisory group on international standardization . he 
served on the board of trustees of asae, and in 2000, he was elected 
as an asae fellow . 

hummel retired from the usda in 2004 . in 2004, hummel became 
co-editor-in-chief of the computers and electronics in agriculture 
journal, coordinating the editing and publishing of over 250 manu-
scripts from around the world during a 3-year period .
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J. Bruce Elliott-Litchfield 
1986-1999

dr . bruce litchfield earned his bachelor’s degree in 
mechanical engineering from the university of il-
linois in 1978 . he continued his education at pur-
due university in West lafayette, indiana, earning a 
master’s degree in food process engineering in 1984 

and a ph .d . in food and biochemical engineering in 1986 . 
litchfield began his engineering career as a process and project 

engineer at general foods corporation from 1978 until 1982 . after 
completion of his degrees at purdue, litchfield returned to the u of i 
as an assistant professor in the department of agricultural engineering 
in 1986 . he advanced to full professor, and during this time, litch-
field played a key role in the development of the food and bioprocess 
engineering curricula for the department . together with engineering 
executives from several food companies as well as academic person-
nel, litchfield developed three courses that were central to the food 
and bioprocess engineering program; engineering properties of foods 
(now abe 493), food and bioprocess engineering design, and hu-
manity in the food Web .

litchfield earned a number of honors and awards for his work in 
the department and the college, including the outstanding instructor 
award (1989-90); the young faculty award for excellence in teaching 
from the college of agriculture (1992); and the faculty award for ex-
cellence in research from the college of aces (1996) .

in 1994, litchfield founded and directed a faculty development pro-
gram, the academy for excellence in engineering education that has 
become a model for excellence . the purpose of the program was to 
introduce new faculty to new and effective ways to teach at the col-
lege level . litchfield’s work with this program was recognized in 1997, 
when he was named the first recipient of the collins award for inno-
vative teaching . that same year, litchfield also received the prestigious 
harriet and charles luckman undergraduate distinguished teaching 
award .

in 1999, litchfield accepted a position with the college of engineer-
ing as an assistant dean for engineering academic programs . litch-
field has been involved in a number of activities in the coe, including 



the engineering emotional intelligence course (where he developed 
and co-taught an interdisciplinary personal development course for 
engineering students); international programs in engineering (serving 
as director of global study abroad and collaborative programs for more 
than 5400 undergraduate engineering students); illinois foundry for 
innovation in engineering education (director of first-year experience 
and a faculty fellow); and the learning in community program (where 
he developed and directed campus-wide service learning and commu-
nity engagement programs) . litchfield was also given the distinguished 
teacher/scholar award for instructional excellence and leadership and 
was funded to direct a campus-wide effort in civic engagement (2003-
2004) .

recent awards include recognition as an engineering council out-
standing advisor, the ymca J . frederick miller award and the ameri-
can society for engineering education outstanding campus repre-
sentative of the illinois-indiana section .

J. Kent Mitchell 
1964 – 2000

dr . J . Kent mitchell had a distinguished career in the 
department of agricultural engineering at the uni-
versity of illinois for 36 years . mitchell was born in 
aurora, illinois, but raised in oskaloosa, iowa . he 
earned his bachelor’s degree in 1957 and his master’s 

in 1964, both in agricultural engineering from iowa state university . 
he earned his ph .d . in agricultural engineering at the university of 
illinois in 1970 . in the years between his bachelor’s and his master’s, 
Kent was an agricultural engineer with the usda soil conservation 
service in iowa, and served as a niKe unit commander in the u .s . 
army in irwin, pennsylvania . 

mitchell’s research in soil and water included the collection and 
compilation of 33 years of continuous hydrologic monitoring data 
from four small mild slope allerton Watersheds for use in developing 
models to describe the hydrology of those terrains; soil erosion studies 
on various cropping practices using a rainfall simulator resulting in 500 
plot events for soil erosion data analyses; and the collection of data from 
the little vermilion river Watershed Water Quality project resulting 
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in data from 15 stations over 12 years (until 2003) for use in models to 
properly describe the hydrology of depressional tile-drained areas . 

mitchell used sabbaticals to develop a national and international 
perspective of soil and water resource engineering . he was visiting 
assistant professor, department of agricultural engineering, univer-
sity of Wisconsin, madison; visiting professor, department of agricul-
tural engineering, university of natal, pietermaritzburg, south africa; 
visiting scientist, usda national sedimentation laboratory, oxford, 
mississippi, and visiting research professor, center for computation-
al hydroscience and engineering, university of mississippi, oxford, 
mississippi; and visiting professor, department of hydraulic structures, 
Warsaw agricultural university, Warsaw, poland . he was, also, an in-
vited speaker at conferences in belgium, england, austria, Korea, thai-
land, china, poland, and australia .

teaching was a highlight for mitchell at the university, and he con-
sidered it his first priority . mitchell earned numerous teaching awards 
during his career at the u of i, including the teaching excellence 
award from the department of agricultural engineering in 1986 and 
2000; the alpha Zeta outstanding instructor from the college of ag-
riculture in 1986; the everitt award for teaching excellence from the 
college of engineering in 1987; and the senior faculty award for 
excellence in teaching from the college of agriculture in 1989 . he 
was a member of the academy of teaching excellence in the college 
of agriculture in 1989 and 1992 . 

his teaching included service as educational advisor to the illinois 
land improvement contractors association near the end of his career 
and into retirement .

in other career highlights, Kent received the paul a . funk recogni-
tion award in 1994 from the college of agriculture and was awarded 
the grade of fellow in the american society of agricultural engineers 
in 2000 . mitchell retired from the department on march 1, 2000 . 
mitchell married marlene reynolds in 1956 and they have three 
sons and one daughter . he has been active in church committees; 
and boy scout activities, having received the silver beaver award .  
 



Marvin R. Paulsen
1975-2006

dr . marvin r . paulsen was born in minden, ne-
braska and earned a bachelor’s and a master’s degree 
in agricultural engineering from the university of 
nebraska in 1969 and 1972, respectively . paulsen 
then attended oklahoma state university, where he 

received a ph .d . in agricultural engineering in 1975 . upon gradua-
tion, dr . paulsen joined the department of agricultural engineering 
at the university of illinois .

paulsen’s research focused on grain quality - understanding what 
degrades grain quality and how to protect against that degradation . 
paulsen was involved extensively in grain quality measurements . his 
research on the breakage of corn during export shipment made sig-
nificant contributions to the state of illinois and to the u .s . grain trade . 
his results provided information used by importers, merchandisers and 
corn geneticists to improve handling methods and corn characteristics . 

paulsen was also involved with the use of machine vision to detect 
grain kernel defects and later with near-infrared reflectance/transmis-
sion (nir/nit) spectroscopy to predict starch extractability of corn 
samples . his research in the use of nir/nit to measure corn starch 
extractability and other quality traits, proved of great benefit to the 
corn merchandising industry .

professor paulsen developed an international expertise in grain qual-
ity measurements and effects of drying, handling and transport on qual-
ity changes . he has given numerous presentations on u .s . grain quality 
in europe, china, russia, and for the u .s . grains council for confer-
ences in Japan, columbia, peru, and mexico . in 2002 he was elected to 
fellow in asabe and in 2005 he received the paul a . funk recogni-
tion award from the college of aces . 

paulsen became division leader of food and bioprocess engineer-
ing in may of 1989, serving until July of 2006 . he was appointed 
graduate program director for the department from 1994 to 1996 
and 1997 to 2006 . he created the first graduate program handbook 
in 1999 and revised it each year . 

paulsen served as the associate head of the department from au-
gust 2000 until his retirement in July of 2006 .
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Qin Zhang
1997-2009

dr . Qin Zhang earned his bachelor’s degree in me-
chanical engineering from Zhejiang agricultural 
university in china in 1982 and received his mas-
ter’s in agricultural engineering from the univer-
sity of idaho in 1988 . he went on to earn a ph .d . 

in agricultural engineering from the university of illinois in 1991 . 
following a two year post-doctoral appointment (1992-94) in the 
department, he was employed by caterpillar inc . in peoria, illinois 
as a senior research engineer from 1994 to 1997 . the agricultural 
engineering department was able to attract dr . Zhang back into the 
academic community in august 1997 as an assistant professor in off-
road equipment engineering . he was promoted to associate profes-
sor in 2002 and professor in 2009 . 

during Zhang’s twelve years at the university of illinois he devel-
oped an internationally recognized program in the areas of mobile me-
chatronics and agricultural infotronics . he was invited to visit over 20 
foreign universities and research institutions, and hosted 60 groups of 
international visitors from more than a dozen countries for academic 
exchanges . in addition to his many research contributions including a 
dozen patents, Zhang published a textbook for the study of hydraulic 
systems . Zhang served as editor of three major international proceed-
ings on automation technology and as associate editor of two profes-
sional journals . he received several outstanding paper awards, including 
the best paper of the decade award in 1995 from the transactions of 
agricultural engineering (china) . teaching awards include the coveted 
collins award for innovative teaching presented by the college of en-
gineering at the university of illinois (1999) .

Zhang holds adjunct professor titles at three top ranked universities 
in china and is a Jsps fellow in the Japanese society for the promo-
tion of science . he is active in the american society of agricultural 
and biological engineers (asabe), the society of automotive engi-
neers (sae), the national fluid power association (nfpa) and served 
on the board of the association of overseas chinese agricultural, bio-
logical, and food engineers (aoc) . 

Zhang’s reputation can be summarized from a 2008 cover story in 



farm industry news in which the editors included Zhang in an a to Z 
list of people, technology, and trends that will change agriculture in the 
future . the authors acknowledged his accomplishments with the state-
ment that “Qin Zhang’s name is synonymous with mechatronics, the 
science that integrates ‘mechanics’ and ‘electronics’ to create off-road 
machinery with a ‘brain .’”

 in 2009, dr . Zhang accepted a position at Washington state univer-
sity to develop a center for automated agriculture with an emphasis 
on high value specialty crops . 

John F. Reid 
1986-2000

dr . John f . reid was born and raised in staunton, vir-
ginia . he earned his bachelor’s and master’s degrees 
in agricultural engineering from virginia polytech-
nic institute and state university (vpi&su) . While 
at vpi&su, he was employed as a coop education 

student by the shenandoah valley electric cooperative . reid’s gradu-
ate education focused on automation and controls applied to agricul-
tural and biological systems . he earned his ph .d . from texas a&m 
university where he and his advisor developed a research program in 
machine vision for agricultural applications including vehicle guidance . 
he then joined the agricultural engineering department at the uni-
versity of illinois in 1986 .

While at the u of i, reid started a research program on develop-
ment of machine vision sensors for use in agricultural and biological 
applications . this research was initially supported through hatch fund-
ing to characterize corn plant growth and development to support 
mechanistic plant growth models . 

a major collaboration between reid, dr . bruce litchfield, their 
graduate students, and other researchers led to the integration of vi-
sion-based sensing for the control and optimization of fermentation 
processes . vision-based management and control of tissue culture sys-
tems was a topic reid continued with dr . mary ann lila in the col-
lege of agriculture .

reid’s research interests took him to the university of natal in 
south africa in the summers of 1990 and 1992 where he worked with 
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dr . alan hansen and others to establish a machine vision laboratory for 
this university . research out of this effort focused on applications of vi-
sion sensing to characterize wear on engine parts and fuel injectors and 
applications to assess the volume and size distribution of logs at weigh 
bridges for forest logging operations .

reid, his graduate students, and other research colleagues used ma-
chine vision in various applications including grain quality evaluation, 
selective harvesting of asparagus, inspection of food packages for seal 
damage, and automatic detection of microbial contaminants in water 
samples . a u .s . patent was granted based on the research for water 
contaminant detection . 

in 1996, he used a spring-semester sabbatical with case-ih (and 
later cnh) to further develop his expertise in automation for the agri-
cultural equipment industry . during this time, reid’s research returned 
to the use of machine vision in connection with automatic guidance of 
agricultural vehicles as part of a broader look at robotics and automa-
tion in production agriculture . the relationship with cnh continued 
through an on-going research contract between case and the univer-
sity of illinois that included research in robotics and automation of ag-
ricultural vehicles and the development of multi-spectral image sensors 
for real-time site-specific control of corn nitrogen requirements . 

during this same time, dr . reid and dr . noboru noguchi of hok-
kaido university, along with dr . Qin Zhang, formed a significant re-
search collaboration that resulted in a global research program in ro-
botics and automation in agriculture including the development of 
autonomous tractors, and automated guidance for combine harvesters . 
dr . reid went on to win a Japanese society for the promotion of sci-
ence fellow award that enabled he and his family to spend 9 weeks in 
Japan in 1998 . during this time reid further expanded his research 
interests into robotics and automation as a potential systems solution 
for agricultural productivity .

While dr . reid was deeply involved in research, a strong mentoring 
relationship with dr . loren bode helped develop reid into a signifi-
cant contributor to student activities through teaching and advising . 
dr . reid developed a number of new courses for the department that 
brought novel technologies into the classroom including machine vi-
sion sensing, robotics in agriculture, finite element methods in engi-
neering, and boundary element analysis methods . in 1997, he won the 



Karl gardener award from the college of aces for innovative advising 
of students . from 1997 to 2000, reid was a member of the teaching 
academy of excellence in the college of aces . 

this blend of innovative teaching, collaborative research, and ser-
vice to the university and professional societies led to a well-rounded 
career for dr . reid that provided many great and memorable experi-
ences . for the 1995-96 academic year, reid was one of 21 faculty 
members on the uiuc campus to win appointment as a university 
scholar . reid was promoted to associate professor in 1992 and to full 
professor in 1997 . 

in december, 2000, reid left the department to accept a position 
as manager of technology development support at the John deere 
technical center . at the time of his departure, he was serving as the 
leader of the off-road equipment engineering (oree) area of the 
department . although he moved to the Quad cities, he was granted a 
zero-time appointment as an adjunct professor in the abe department 
which enabled him to continue to mentor and support his remaining 
commitments towards the completion of several graduate students . in 
2002, reid became the manager of field robotics at John deere re-
sponsible for the global innovation strategy in robotics and automation . 
the r-gator, developed for military applications, was one of the first 
products commercialized from this effort . in 2006, reid became the 
director, product technology and innovation at John deere’s moline 
technology innovation center, where he and colleagues in advanced 
marketing lead and execute the process for new business opportunity 
identification and execution . reid is also responsible for the global 
technology innovation network at John deere that identifies and de-
velops the technology strategy that guides the building of capabilities to 
support John deere’s current and future business needs . this has resulted 
in the expansion of John deere’s r&d footprint to europe and asia .

reid continues to be active professionally . he is a past board mem-
ber of asabe and was named asabe fellow in 2005 .in 2003, reid 
became a full member of the club of bologna . this club, with 92 
members world-wide, has the goal of convening the highest inter-
national experts on mechanization to discuss subjects of preeminent 
importance for the development of agricultural machinery in various 
countries . reid has a deep and active record of published work includ-
ing 18 patents at this time .
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Gerald Riskowski 
1986-2001

dr . gerald riskowski earned both his bachelor’s and 
master’s in agricultural engineering from the uni-
versity of nebraska in 1974 and 1976, respectively . 
after four years as a design engineer with lester’s 
and Wick building systems (in minnesota and Wis-

consin) riskowski took a position as an instructor and extension en-
gineer at iowa state university in 1980 . he went on to earn his ph .d . 
in agricultural engineering from iowa state in 1986 .

riskowski came to the university of illinois in the fall of 1986, 
where he was promoted from assistant to associate to full professor in 
the department of agricultural and biological engineering . during 
his time at the u of i, he was the leader of the bioenvironmental engi-
neering division in the department, and a founder and director of the 
bioenvironmental and structural systems (bess) laboratory .

riskowski is recognized internationally for his research concern-
ing environmental control systems and light-frame structures . he was 
a principal investigator on several projects sponsored by nih, nasa, 
nsf, ashrae and industry . his publication record includes over 80 
peer-reviewed journal articles and over 100 conference papers . he is 
an author of nine handbooks, an asabe standard, ten monographs and 
book chapters, and has given several invited lectures around the world, 
including brazil, china, europe, and Korea .

dr . riskowski is a member of both the american society of agricul-
tural and biological engineers (asabe) and the american society for 
heating, refrigeration and air-conditioning engineers (ashrae) . 
he has been an associate editor for asabe journals since 1994 . his 
papers have received four asabe paper awards and three ashrae 
technical paper awards . other honors have included eight blue rib-
bon awards, an outstanding reviewer award from asabe, and teach-
ing excellence awards . he was also elected into the rural builders hall 
of fame, received the asabe henry giese award, and is a fellow of 
asabe .

dr . riskowski left the department at the end of 2001 to take his 
current position as professor and head of the department of biologi-
cal and agricultural engineering at texas a&m university .



John Siemens
1968-1998

 dr . John siemens grew up in lancaster, california 
on an alfalfa/dairy farm . siemens earned a bachelor’s 
degree in agricultural engineering at the univer-
sity of california at berkeley and davis . he earned a 
master’s in agricultural engineering at the univer-

sity of illinois and a ph .d . in civil engineering, also at the u of i .
siemens accepted a position as assistant professor of agricultural 

engineering at cornell university in 1963 . in 1968, John accepted an 
offer to return to illinois as associate professor of agricultural engi-
neering and extension specialist in field power and machinery . sie-
mens established applied research projects to support his extension 
program; several were cooperative efforts with other departments, in-
cluding the agronomy department . subject matter of major research 
projects included tillage systems for corn and soybean production, farm 
machinery management, and soil compaction . in 1970, he accepted 
a residency in engineering practice and spent a year with deere & 
company at moline, illinois, where he worked on the evaluation of 
tillage systems for corn and soybean production and a computer pro-
gram to select the optimum machinery set for a farm .

siemens’ relationships with the agronomy department and deere & 
company were key to the major research contributions siemens made 
to conservation tillage while at u of i . With financial support from 
deere & company, siemens and professor oschwald from the agron-
omy department launched a massive tillage research project in 1971 . 
results of the project were widely distributed through their extension 
programs and played a major role in the nation-wide acceptance of 
conservation tillage and the virtual retirement of the moldboard plow . 

in 1975-1976, siemens was granted a sabbatical leave to evaluate and 
study field machinery selection methods used for corn production in 
south africa . this launched John’s interest in machinery management 
and was the first of other overseas assignments in iraq, yugoslavia and 
Jamaica . siemens worked with several graduate students in the devel-
opment of machinery selection software for guiding farmers in select-
ing optimum sets of machinery for their farm operations .

during his career dr . siemens was a regular participant in meet-
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ings and conferences sponsored by the illinois cooperative extension 
service . siemens provided leadership and presentations in the areas 
of conservation tillage systems, farm machinery management and soil 
compaction . siemens served as extension program leader for the de-
partment from 1983 through 1998 .

in 1993, siemens received the senior faculty award for excellence 
in extension from the (then) college of agriculture . in 1999, he was 
presented the John deere gold medal award, one of the highest hon-
ors granted by the (then) american society of agricultural engineer-
ing .

siemens retired from the department in december of 1998 . 

M.E. “Mike” Tumbleson
1986-2006

dr . m .e . “mike” tumbleson grew up in the small 
town of trimont, minnesota and hitchhiked to the 
university of minnesota at the age of 17 . tumbleson 
earned a bachelor’s degree in agricultural education 
at minnesota in 1958, a master’s in plant physiology 

in 1961 and a ph .d . in nutrition and biochemistry in 1964 .
after 20 years at the university of missouri, tumbleson joined the 

faculty at the university of illinois in 1986, where he held a joint ap-
pointment in veterinary biosciences and agricultural engineering . in 
his time at the university, tumbleson investigated a variety of areas, 
including the use of swine to evaluate alcoholism, ethanol production 
and corn utilization .

during the past few years, tumbleson’s research publications have 
resulted from work on evaluating dry grind corn processing facilities 
with respect to optimizing ethanol production from corn grain, assess-
ing fumonisin (a mycotoxin produced by fungi existing on corn plants) 
effects on swine, sheep, cattle and horse health, and commercial plant 
work with enzyme companies elucidating effects of operating condi-
tions and equipment . 

tumbleson has coauthored more than 200 refereed journal papers 
and 500 scientific abstracts and presentations, often with colleagues 
from the department, including drs . phil buriak, leslie christianson, 
steven eckhoff, Kent rausch and vijay singh . tumbleson coauthored 



publications with more than 100 other distinguished colleagues, includ-
ing robert eppley (fda, Washington, dc), david Johnston (errc/
ars/usda, Wyndmoor, pa), d .K . gupta (g .b . pant university, pant-
nagar, india), and luk vriens (seghers, Wespelaar, belgium) .

in 1985, tumbleson organized and chaired the international confer-
ence, “swine in biomedical research,” after which he compiled and 
edited a three-volume treatise of the same name . in 1995, he organized 
and co-chaired an international symposium on “advances in swine in 
biomedical research,” and was a coeditor of a two-volume treatise of 
the same name .

tumbleson has been a pilot his entire adult life, working as both an 
instructor (6500 hours) and an examiner . he often combines work and 
pleasure, taking farmers and cooperative elevator managers up in the 
air to evaluate crop conditions .

tumbleson retired from the university of illinois in may of 2006 .
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9  |  a  g l a n c e  a h e a d

A
lthough this is a history book, faculty member tony grift asked 
that it include some predictions as to what lies in the future, 
especially as the future relates to the abe department . the abe 

futures committee/council thought this was a good idea . accord-
ingly, the decision was made to include a chapter entitled “a glance 
ahead .” a number of people were invited to make predictions out to 
the year, 2025, i .e ., 15 years beyond the publication year of the book . 
tony grift worked with Kaustubh bhalerao, steve eckhoff, al hansen, 
prasanta Kalita and yuanhui to write a combined prediction . members 
of the futures committee/council, carroll goering and roscoe per-
shing, wrote predictions . finally, three undergraduate students contrib-
uted predictions . they were andrew gentile, Kim Keinecke and patri-
cia paulausky . these predictions are presented in the paragraphs below .

A Glance Ahead

Grift, Hansen, Kalita, Zhang, Bhalerao, Eckhoff

the form, shape and size of the department of agricultural & biologi-
cal engineering in 2025 in terms of teaching, research and extension 
depends on many factors and is not easy to predict . to limit the scope, 
assume that in ad 2025, the department will still be an autonomous 
unit within the university of illinois having the word agriculture in 
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its name, committed to addressing global challenges through research, 
education, and outreach . following are some global challenges to be 
addressed, which new technologies will be influential, and the strategy 
needed to reach departmental goals .

9.1 Global challenges

the abe department in 2025 will still be focused on major challenges 
facing humanity . food security is crucial since the global population 
is projected to grow to 9 billion people by the year 2042 . We are con-
cerned with securing enough food and also about the safety of the food 
from deleterious activity . much of the u .s . food chain is vulnerable to 
tampering by terrorists . We need to develop monitoring and security 
systems to assure the food is not tampered with before, during and after 
production . most processors have developed security systems for their 
production facilities, but with over 15 .7 million km2 of arable land in 
the us, it will be difficult to provide security at the level found in pro-
cessing plants . agricultural engineers will be taking the lead on provid-
ing technology, processes and products for a secure global market .

secondly, in light of the limited fossil fuel supplies and the influ-
ence of their use on climate change, producing energy from renew-
able sources will become imperative . While it is reasonable to assume 
that some biomass will need to be processed to achieve the demand 
for transportation fuels, it is not clear what percentage of the available 
biomass will be converted . the costs are so high for collecting, storing 
and transporting biomass that corn to ethanol will remain the pre-
dominate pathway to biofuels . the importance of genetic engineering 
on increasing corn yields cannot be over emphasized . if corn yields can 
keep up with demand for transportation fuel, biomass may be relegated 
to non-portable fuel .

 thirdly, the impact of agriculture on the environment must be ad-
dressed and sustainability must be high on the agenda . for instance, 
there are currently seven weeds that have been designated as ‘glypho-
sate resistant’, an alarming trend indeed . 

fourthly, Water resources will become increasingly scarce due to in-
efficient water usage, climate change and bioenergy production, and 
new and effective ways will be needed to deal with this issue . much of 
the ground water used in bioenergy production is cooling water and 



given sufficient value to water, there are mechanical cooling methods 
which may be usable . 

in the higher education arena, major challenges also exist for the de-
partment in equipping students with high quality and relevant knowl-
edge and skills to be able to practice in their chosen profession . the 
national academy of engineering advocates qualities such as commu-
nication and teamwork skills, flexibility, and creativity in their vision 
for the “engineer of 2020”  . abet specifies that engineering programs 
must ensure that their students demonstrate multidisciplinary team-
work, communication skills, ethical and professional responsibility, and 
an understanding of engineering in a global and societal context . from 
a broader perspective, the association of american colleges and uni-
versities has identified educational outcomes for all students in higher 
education that are attuned to an increasingly global society, includ-
ing intercultural competence, local and global civic knowledge and 
engagement, and the application of knowledge to new settings and 
complex problems  .

9.2  Key technologies and their roles

the department will be developing engineering solutions for the chal-
lenges as mentioned . continuing along the current path, we will de-
velop technologies to make engines run cleaner, more efficient and 
develop sustainable bio-fuels to power them . We will continue to use 
systems approaches to optimize multiple agent operations . corn frac-
tionation processes will become more efficient, providing new and im-
proved end-use co-products . While the processing amount will con-
tinue to grow, it is our view that the size of processing facilities may 
be reduced to be more local and integrated with other processes or 
agricultural systems . 

previously, new technologies such as gps, gis and sensing tech-
nologies have spawned the age of precision agriculture . the definition 
of precision agriculture now includes automation technologies such 
as wireless communication and robotics . We will continue to develop 
autonomous robots for scouting the fields for insects, disease damage 
and crop stresses . We will pursue the concept of multiple robot systems 
that communicate among themselves, employ internet databases for 
weed recognition and control, and most importantly apply mendelian 
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principles to ‘evolve’ the flock to optimal performance . robots will 
also be used in specialty crops such as peach, apple and grape, where 
operations such as thinning and pruning will be conducted by robots . 
in the area of machinery, we will design feedback sensor-based equip-
ment to deliver seeds, fertilizers, and pesticides in exact amounts with 
very high uniformity . We will also develop crop sensors, to be used to 
monitor insects, diseases, and weeds as well as soil sensors to monitor 
compaction, nutrient levels, and potential leaching . We will develop 
high throughput phenotyping methods, since currently, sequencing of 
genomes is already affordable and fast, but technologies allowing, for 
instance, assessment of corn root complexity are severely limiting ag-
ronomic research . 

research into new generations of biofuel is rapidly expanding and 
can be expected to continue strongly over the next two decades . our 
department’s portfolio of biofuel research is well posed to address key 
areas of interest, namely production of biomass, including algae, and its 
conversion into both solid and liquid biofuels . currently, the depart-
ment has a bp funded program within the energy biosciences institute 
created, which began in 2008 that investigates the engineering required 
for the production of biomass feedstocks that can be converted into 
biofuel . the program has the potential to continue for another seven 
years, by which time some crucial answers to the challenges of grow-
ing, harvesting and delivering sufficient biomass to bio-refineries will 
have been provided . another example in the department’s biofuel re-
search portfolio is the environment-enhancing energy (e2-energy) 
program initiated in the bioenvironmental engineering area, which 
focuses on a broad vision of converting biowaste and algae into bio-
crude oil, capturing carbon and cleaning water . initially the biowaste 
is separated into liquid and solid streams with the liquid stream being 
used to provide nutrients for algae growth and the biosolids being 
converted into biocrude oil via hydrothermal liquefaction (htl) . si-
multaneously the algae are separated from the relatively clean water 
and are added to the bio-solid stream . the resulting biocrude oil can be 
refined by traditional hydrocarbon-based processes into gasoline, diesel 
fuel and other products .

the soil and Water resources engineering division in the depart-
ment has been engaged in pioneering research in water quality, non-
point source pollution, erosion control, drainage, water management, 



and irrigation . envisioning the need for more production to meet glob-
al food demand, we are emphasizing intense research and educational 
needs in the area of water production and water management . Water 
is essential for all socio-economic development and for maintaining 
healthy ecosystems . as population increases and development calls for 
increased allocations of groundwater and surface water for the domes-
tic, agriculture, and industrial sectors, the pressure on water resources 
intensifies . today, agriculture accounts for 70 percent of all water use 
globally, up to 95 percent in several developing countries . to keep pace 
with the growing demand for food, it is estimated that 14 percent more 
freshwater will need to be withdrawn for agricultural purposes in the 
next 30 years . Water scarcity threatens the sustainability of the natural 
resources base . addressing water scarcity calls for multidisciplinary ap-
proach to water resources management without compromising the sus-
tainability of vital ecosystems . protecting and restoring the productive 
soils and the ecosystems that naturally capture, filter, store and release 
water, such as rivers, wetlands, and forests, is crucial to increasing the 
availability of water of good quality . With trends of climate change pat-
terns, our future work will continue to examine current practices and 
develop innovative soil and water management practices for significant 
global impact . 

a significant amount of agricultural land in illinois and other mid-
western states (and many other parts of the world) is artificially drained . 
for almost all of the approximately 160 years of documented drainage 
improvements in illinois, the emphasis has been on improving crop 
production . however, the last 20 years have seen an increasing focus on 
the effect of drainage on environmental water quality . this work has 
been subsumed into a larger national effort to improve water quality 
from drainage systems . the agricultural and biological engineering 
at the university of illinois continues and intensifies research in in-
vestigating water quality problems associated with subsurface drain-
age . future research emphasizes the need to define solutions to these 
problems . our future activities will continue to emphasize long-term 
watershed research involving stake holders’ active participation to un-
derstand and overcome barriers for implementing agricultural man-
agement practices that reduce nutrient and pesticide transport in sur-
face and subsurface flows, while improving crop production . on-site 
remediation techniques for nitrate-n contaminated tile drain water 
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with water table management and bioreactors are currently being eval-
uated . our future activities will include developing large-scale high-
efficiency bioreactors for on-site remediation of contaminated water . 
future research and educational activities will need to be continued for 
reduction of microbial pathogens from receiving water systems for safe 
drinking water supplies . new educational tools need to be developed 
and implemented so that our future work force can effectively manage 
our water resources and sustain food production .

9.3  The evolving role of biological engineering

a 2009 report by the national academy of science entitled, “a new 
biology for the 21st century” details the increasing role of life sciences 
combined with biological engineering in global problems related to 
agriculture, environment energy and health . to tackle the challenges of 
improving food security, energy independence, environmental sustain-
ability and individualized healthcare requires commensurate progress 
in analytical frameworks and design methodologies specific to biologi-
cal engineering . inasmuch as every engineering design methodology is 
based on its corresponding engineering science (e .g . mechanical engi-
neering is based on mechanics, chemical engineering on chemistry and 
biotechnology on biochemistry), biological engineering design must 
be based on the science of biology, more specifically, on evolution and 
ecology . clearly the current definition of biological engineering falls 
far short of this vision as few in the biological engineering community 
recognize this as the future of biological engineering . there are, how-
ever, glimmers of an emerging, comprehensive philosophy of biological 
engineering on the horizon . for instance, our ability to produce bio-
molecular data (genomic / transcriptomic / metabolomic) for single 
species as well as collections of species continues to rise at a super-
exponential rate . systems biology is a framework that aims to organize 
and integrate this incoming data stream into creating a computational 
picture of the living world around us . synthetic biology on the other 
hand provides powerful fabrication tools to design and create genetic 
molecules with functions and behaviors not seen in nature . together, 
these new scientific disciplines provide the foundational tools to repro-
gram life itself . it is expected that these tools will be fundamental to 
probe questions about the biosphere, its role in developing structured 



ecosystems and the evolution of organisms and species with changing 
environments . as a result, we will expect to see great leaps forward in 
developing climate change-resistant agriculture, ecosystems designed 
to maximize their bio-geo-chemical services, tools to quantify envi-
ronmental impacts of contaminants, natural and anthropogenic as well 
as fundamental shifts in our understanding and management of health 
and pathogenesis in humans as well as organisms of agricultural and 
industrial importance . 

looking to 2025, we expect the world will have come to rely on 
biological engineering in every facet of living systems, as we have come 
to rely on information technology and electrical engineering today . at 
the heart of this (r)evolution will be the technologies and methodolo-
gies developed in our department . 

9.4  Strategies

as described in chapter 1, in 2004 the department went through a 
process of redefining its mission, vision and its core values . it identi-
fied 15 domains pertaining to its scope of activity in agriculture, food, 
environment and energy as well as four competencies of automation, 
culture, environment and systems . it is likely that at least the depart-
ment’s mission, vision and core values will change very little between 
now and ad 2025 . We are ad2010 the number one department in un-
dergraduate as well as graduate education . our department will con-
tinue to educate leaders that are capable of leading the development to 
deal with the challenges mentioned above . in addition the 15 domains 
overlap substantially with these global challenges, which suggests that 
the department’s research, teaching and extension efforts are already 
aligned with addressing these challenges . 

collaboration with companies is challenging since companies and 
academia have very different strategies for success . however, there is 
a need to create working relationships with companies to provide a 
workforce for them in the future and in turn employers for our gradu-
ates . there is also a great need for collaboration among departments in 
the college of aces and engineering . We need to foster real collabora-
tion between departments in aces, and engineering since true inno-
vation takes places where departments overlap . We also need to educate 
our students to be able to work in multi-disciplinary and multi-cultural 
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environments, and develop a reward system that recognizes the hurdles 
but also the payoffs of true multi-disciplinary work .

factors that will influence the education of students as we approach 
2025 will include advances in technology with particular reference to 
ubiquitous inter-communication and computing, practicing engineer-
ing in a global context, and applying engineering to the full spectrum 
of the biological domain from nano scale to ecological systems .

We have to be committed to solving real problems, and not revert 
to “picking the low fruit”, or following the road most easily traveled . 
president John f . Kennedy said it best in 1963: “We choose to go to the 
moon in this decade and do the other things, not because they are easy, 
but because they are hard” . 

The changed US energy mix

Carroll E. Goering, Emeritus Professor, 2010

during the past 15 years since 2010, changes in a number of technolo-
gies have led to a substantial change in the us energy mix as shown in 
the table below .

      percent of total energy
energy source 2010 2025
petroleum 37 20
coal 23 27
natural gas 24 27
nuclear 8 .5 10
biomass  3 .9 10
hydroelectric 2 .5 3 .0
geothermal  0 .35 0 .4
Wind 0 .55 2 .0
direct solar 0 .09 0 .6

petroleum was the most critical energy resource in 2010 . petroleum 
production in the us was declining and over 60% of consumption 
was being imported, often from countries whose citizens used the pe-
troleum monies in ways that were harmful to the us . While the us 
population was growing at just under 1% annually, per capita energy 
consumption was declining enough to hold total annual us energy 
consumption nearly constant over time . 



in 2010, coal was plentiful in the us, but environmental concerns 
were causing a decline in the use of this fuel resource . the us also had 
good supplies of natural gas, although this fuel was not at plentiful as 
coal . nuclear energy use had reached a plateau and no new nuclear 
energy plants had been built in several decades . the remaining sources 
constituted only 7 .4% of the total energy sources in the us . the chal-
lenge in 2010 was to reduce petroleum imports by reducing the per-
centage of the total energy supplied by petroleum .

the main focus in reducing petroleum consumption was on trans-
portation as, in 2010, it consumed over two thirds of the total petro-
leum use . limited progress in battery development kept battery electric 
vehicles from extensive use . however, development of plug-in hybrid 
electric vehicles (pihevs) greatly increased the amount of travel pos-
sible from each liter of fuel . moreover, research at the university of 
illinois and other places led to production of cellulose-based liquid 
fuels to power pihev engines and led to a more than 250% increase 
in the portion of total energy supplied via biomass . as a result, the 
amount of petroleum used for transportation fell by over 40% . While 
use of electric energy use in vehicles increased, much of that increase 
was provided by increased use of nuclear power as more nuclear power 
plants again began coming on line . also, development of clean coal 
technology allowed coal use to increase . use of solar electric increased 
over 600% and wind energy increased more than 300% since 2010, but 
both began at such low levels that their contributions to the total were 
still small .

the us also increased domestic petroleum production through in-
creased exploration and by conversion of coal and shale to petroleum-
like fuels . coupled with increased production, the decreased consump-
tion of petroleum allowed the us to reduce total energy consumption 
and virtually eliminate petroleum imports . great increases in petro-
leum consumption by india and china kept petroleum prices high, but 
the decreased us petroleum imports led to a large reduction in the 
us balance of payments deficit and more than offset the cost of the 
research and development that made the reduced petroleum consump-
tion possible .
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A Glance Ahead

Roscoe Pershing, Emeritus Professor (2010)

technology will continue to develop at an accelerated pace . many 
changes will occur that will frighten some and provide opportunities 
for others . engineers must seize these opportunities and use them to 
make the world a better place . early adopters will benefit most . elec-
tronics and computers will continue to improve and agricultural and 
biological engineers will utilize these developments to improve all as-
pects of agricultural and biological processes, equipment and products . 
probably, biological breakthroughs will be the most significant in the 
future since that branch of highly-complex science has been a little 
slower to develop – thought by some to be the last frontier in science!

society will change, too . the supply of safe food, clean water, and 
a sustainable environment will present even greater challenges ahead . 
the role for abe will be greater than ever and we must embrace it and 
respond to it . more remote sensing and automation will be required . 
vehicle guidance may lead to remote or fully automated control . bio-
logical sensing and biological design will lead to new fields of endeavor 
for agricultural and biological engineers . With the growing population, 
the challenge to feed the world safely with sustainable resources will 
present a major challenge .

i predict that by 2025, we will be doing more with hand-held elec-
tronic devices . cell phone, computer, and camera, will combine with 
tv, and sensors and automation control of many processes – all within 
the same hand-held device . video conferencing among several per-
sons will be done by cell-phone technology . cell phones will switch 
from towers to satellite transmission for better, uninterrupted service 
and provide reliable service to remote, rural areas . this will interface 
with or also contain gps signals and equipment control that can be 
monitored or set from hand-held devices even when far away from the 
actual operation being controlled . these individualized hand-held de-
vices will enable us to communicate, control and manage more activi-
ties and operations remotely with greater skill and timeliness – giving 
us the greatest productivity and efficiency we have ever known . at the 
same time, the nature of social communication, as we know it today, 
will certainly become a new and major challenge – from face-to-face 
group discussion to hand-held electronic device video conferencing . 



our charge will be to apply the new and relevant technology to ag-
ricultural and engineering-related enterprises to continue to improve 
the useful technology and lifestyle of the world and its inhabitants! 

the good news is that the abe department is well-positioned to 
take a strong leadership role in all of these developments . 

best wishes for continued leadership in 2025!

An article from the San Francisco Chronicle, Sunday 
August 31st, 2025

Andrew Gentile, undergraduate student in 2010

california just doesn’t seem like the golden state any more . along 
with the financial troubles that have plagued sacramento since the start 
of the new millennium, californians have experienced some of the 
hottest temperatures on record this summer . With less than average rain 
totals last season, the central valley’s citrus and nut crops are suffering . 
furthermore, farmers and cities alike have been struggling with the 
federal government to secure more money to protect the state’s re-
sources after terrorism struck the central valley two years ago . a glim-
mer of hope arrived yesterday as the government finally approved a 
plan of action and i certainly believe a brighter future is ahead for the 
united states as california serves as a model in deploying new security 
measures and utilizing revolutionary technology to secure its livelihood 
of agriculture that the rest of the country depends on . 

as an undergraduate at the university of illinois at urbana-cham-
paign, i came home to gilroy for summer break and i used to enjoy 
the five-hour drive south down interstate 5 through the central val-
ley with my family to visit my brother at the university of southern 
california in los angeles . en route, i convinced my parents to pull off 
to the side of the road to gaze at a stretch of the 444-mile-long man-
made river that supplied water to some 25 million california residents 
and countless acres of thirsty crops . people like me could park their 
cars next to the aqueduct and marvel at this impressive feat of civil 
engineering . however, these days are gone as of June, 2023 . california 
tightened security along the aqueduct when terrorists, all working for 
biotechnology companies in san francisco, dumped a wide variety of 
biological agents into the aqueduct including cryptosporidium, a pro-
tozoan parasite that caused diarrhea in thousands of californians and 
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was responsible for countless deaths .
the water filtration facilities already in place destroyed many of the 

agents present in the terrorists’ toxic cocktail . on the other hand, the 
water from the aqueduct was not decontaminated prior to the irri-
gation of crops, which led to the pathogens taking residence in the 
fields surrounding the aqueduct . the leachate from the contaminated 
soils found a way to enter the drinking water of millions of people . 
in order to set california on the right track, scientists are faced with 
two challenges: how to prevent biological agents from entering fresh 
water supplies again, and how to clean up the mess in the fertile soils 
of california . 

research from the uiuc on the movement of cryptosporidium 
has helped to create computer models that can track how the organ-
isms travel through the soil, allowing for scientists to determine precise 
locations of contamination so that clean up efforts are concentrated 
in the proper areas . information from the united states geological 
survey and the natural resources conservation service has aided us 
in our models of soil erosion . these visuals are giving cleanup crews 
invaluable information . the federal government has also stepped up to 
the plate by giving grants to private biodefense contractors, thus creat-
ing thousands of jobs to design and construct new security measures 
to detect and track movements of particles and toxins in water supplies 
throughout the nation . 

my hope is that advances in biodefense will wipe the tarnish off the 
golden state by stimulating the state’s economy, protecting our pre-
cious water resources, and increasing the productivity of agriculture 
not only in california but also throughout the united states .

Andrew Gentile is a bioterrorism specialist at Lawrence Livermore National 
Laboratory in Livermore, CA. He is a graduate of the University of Illinois at 
Urbana-Champaign and is a Bay Area resident.

A Glance Forward: Autonomous Vehicles to Poke-less 
doctor visits

Kimberly Heinecke, undergraduate studet

in 2010, you have to get in your car, drive it to the doctor, and get 
blood drawn . by 2025, things have changed drastically . you no longer 



have to drive yourself to the doctor or be stuck by a needle . in 2025, 
autonomous vehicles and poke-less doctor visits will exist .

through agricultural and biological engineering, both of these 
painless and safer ideas will come true . autonomous electric vehicles, 
supported through gps and smart road technology, where vehicles are 
able to talk to each other as well as monitors in the road, will provide 
a safer alternative to human driving . autonomous vehicles will only 
require the owner’s fingerprint to turn on and voice command to give 
instruction where to go . the vehicles will automatically take care of 
parking, safe entry and exiting of the passengers, and powering up . 
there will be known hot spots of wireless charging which the car will 
recognize; owner’s will no longer need to worry about fueling up .

When the patient arrives at the doctor’s office in 2025, he or she will 
no longer need to be poked with a needle in order to get a full patient 
work up . through breath and urine analysis as well as a walk through 
scanner, the patient will be able to see the status of his or her health . 
agricultural and biological engineers will make this technology pos-
sible through identifying certain proteins and enzymes relate to each 
disease . needles are only needed when starting an iv, this single use of 
needles will provide a lessened chance of infection .

Understanding animal behavior

Patricia Paulausky, ABE undergraduate student in 2010

it may be difficult to imagine that a mere 15 years ago engineers in 
the field of animal housing and environmental control were not so 
fortunate as to have some of the great technological luxuries that we 
today take for granted . try to take yourself back to a time when mo-
tivational and preference testing were two seemingly simple concepts 
that could make an engineer cringe – a time when behavioral analysis 
within these studies was not as effortless as connecting to your com-
puter . in fact, it would have involved a comprehensive review of foot-
age by hand which could take days or weeks – if you were lucky . today, 
much time, unnecessary professional collaborations, human error, and 
not to mention strife, has been eliminated from animal housing and 
environmental control studies . With the use of computer aided ani-
mal behavioral analysis software, engineers have at their disposal a tool 
which can be used to accurately assess the presence of behaviors in-

a glance ahead  | 215



216 | agricultural and biological engineering at illinois

dicative of stress or contentment in animal test subjects within a timely 
fashion . this software is guided by patterns of motions and sounds ex-
hibited by the test subject . 

it has been with the assistance of this software that engineers have 
been able to expand the knowledge of agricultural animal preferences . 
being able to accurately measure these preferences consistently across 
a variety of studies has been especially crucial in justifying agricultural 
animal housing, as well as optimal environmental and transportation 
conditions . it may seem strange now that just 15 years ago the field of 
animal production was battling the moral dilemma of caged vs . cage-
free . this software has made it possible to expedite the data analysis of 
many of the preference and motivational testing that led to the scien-
tific conclusions of this dilemma – as a result these studies have become 
more frequent and more accessible . in the case of housing, and similar 
matters, such as environmental preferences, the software has helped to 
revolutionize the way the animal agriculture industry makes decisions 
concerning the well being of their investment . due to the industry’s 
access to this advancement in knowledge of animal preferences, agri-
cultural animals today are considered to be healthier, and more nutri-
tious animal products are in greater abundance than just a few decades 
ago . in addition, the software has streamlined the way we observe ani-
mal behavior from speculation to scientific conclusion . streamlining 
has helped to raise the standards of agricultural animal husbandry be-
cause now the field of animal welfare has a more substantial backbone 
of scientific behavioral data to stand on . Kudos to engineers of the past 
for paving our way into future discovery . .


