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CONCEPT


This module discusses some of the details related to the field of Biological and Agriculture Engineering.


OBJECTIVES


To expose the readers to the type of work Biological and Agricultural Engineers perform.


To give the readers an idea about the courses required to pursue a degree in Biological and Agricultural Engineering.


To describe the career opportunities available to Biological and Agricultural Engineer graduates.
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INTRODUCTION


Our global community is currently facing a host of challenges associated with natural resource management, environmental protection, and efficient production and processing of biological materials.  Each of these problems involves an organic, living system, ranging from broadly ecological to microbiological in scope.  It is to these challenges that Biological and Agricultural Engineers uniquely apply engineering principles for the benefit of humankind.


This discipline has changed significantly over the past century, as the science of biology has evolved and become more precise.  Historically, Biological and Agricultural Engineers were concerned primarily with engineering for agricultural systems, focusing on the critical issues of food production and processing.  This focus has led to globally-important developments in efficient and safe machinery for food production, improved stewardship of soil and water resources, optimal systems for efficient plant and animal production, and safe, effective means for preserving and processing food materials.  In fact, every single item you purchase at the grocery store has been, in some way, affected by a Biological and Agricultural Engineer.


Obviously, safe and efficient food production and processing will always be an area of critical need for engineers and for society.  However, the discipline of Biological and Agricultural Engineering has, over several decades, evolved to encompass a much wider range of activities that involve various types of biological systems.  A few examples of these activities include:


producing new and useful products from biological resources.


analyzing satellite images to evaluate environmental factors and land-use issues.


designing processes to improve the safety, appeal, and cost of food products.


developing systems for plant production in resource-limited environments.


designing machinery for producing and processing biological materials.


scaling-up systems for commercial production of biotechnology products.


developing technology to eliminate harmful microorganisms from food products.


testing and monitoring the quality and safety of our water supply.


developing environmentally-friendly methods for treating biological wastes.


In these and many other ways, Biological and Agricultural Engineers utilize the fundamental principles of biology, physics, chemistry, and mathematics, and engineering principles such as fluid dynamics, heat transfer, mechanics, and electronics to solve important technical problems.  This unique combination of biology and engineering expertise ensures that Biological and Agricultural Engineers will continue to be in high demand in a wide range of industries that affect our quality of life.


PROFESSIONAL ACTIVITIES


The day-to-day activities of Biological and Agricultural Engineers vary widely, depending on the specific area of work and particular employer.  However, Biological and Agricultural Engineers typically are developing and/or using new technologies to solve problems involving a biological component.  These problems are usually important to both industry and society in general.


In all types of professional positions, Biological and Agricultural Engineers engage in an interesting variety of work in a given day.  In research positions, daily activities might include conducting laboratory experiments, programming and testing computer simulations of biological systems, or formulating plans for entirely new areas of research.  In positions such as project or plant engineers, the daily routine often involves designing new or modified equipment or processes, testing new products, or making rapid decisions to solve important manufacturing problems.  In certain other positions, Biological and Agricultural Engineers also spend a significant portion of their time outdoors, evaluating project sites or overseeing the implementation of new designs for environmental protection.


Regardless of the particular employer, Biological and Agricultural Engineers interact extensively with management personnel and other engineers and scientists.  These might include chemists, biologists, and/or food scientists.  In reality, disciplinary lines are often blurred within the workplace, and Biological and Agricultural Engineers are expected to continually develop their expertise in areas relevant to their employer and position.  Consequently, the daily routine is rarely routine.  Instead, Biological and Agricultural Engineering tends to be a diverse, challenging, and exciting profession.


PERSONAL QUALIFICATIONS


Central to all areas of Biological and Agricultural Engineering is the need for interest, motivation, and aptitude in solving scientific and technical problems.  Biological and Agricultural Engineers evaluate, analyze, and solve problems associated with biological systems.  Consequently, an interest in science, coupled with strong creativity, is important to most of these engineers.


Along with technical and creative skills, good communication skills are especially important.  Research findings, equipment or process designs, or proposed solutions to critical problems must all be communicated to fellow engineers and scientists, managers and administrators, and even the general public.  Consequently, effective speaking and writing skills strongly contribute to successful careers in Biological and Agricultural Engineering.


PREPARATION FOR TRAINING


As in all engineering disciplines, math and science should be a major part of the core preparation for higher education.  In high school, this should include 3 to 4 years of math, 1 year of chemistry, and 1 year of physics.  Because of the importance of living systems in this profession, 2 years of biology is also recommended.


In addition to technical courses, social studies, history, and communication courses (i.e., general English, composition, and speech) are especially important.  An appreciation for social and cultural issues is often a major factor in solving engineering problems.  Also, as mentioned above, good communication skills are critical for success in both college and an engineering career.


PROFESSIONAL TRAINING


In order to prepare students for the professional challenges of the next century, most undergraduate curricula in Biological and Agricultural Engineering are quite rigorous.  The core curricula are comprised of both basic and engineering science courses, including calculus, chemistry (inorganic and organic), physics, solid and fluid mechanics, heat and mass transfer, electronics, and computer science.  This is typically supplemented by a good dose of biological sciences, ranging from microbiology to biochemistry to botany.  Beyond the core courses, most Biological and Agricultural Engineering curricula include a range of engineering science and design courses aimed specifically at engineering for biological systems.  These include topics such as Engineering Properties of Biological Materials, Water Resource Engineering, Bio-Environmental Engineering, Engineering Analysis of Plant and Animal Systems, and Food Process Engineering.


Across the U.S., 43 different universities offer degrees in Biological and Agricultural Engineering.  Because of the diverse nature of the discipline, different universities offer degrees with slight variations in the name, including Biological and Agricultural Engineering, Biosystems Engineering, and Biological Systems Engineering.  These B.S. degrees take about 4+ years to complete, while M.S. degrees and Ph.D. degrees take about 2 and 3 additional years, respectively.


Within most academic programs, students choose a particular area of specialization.  Technical electives are selected to enhance the educational experience in the chosen area.  These areas of specialization can include: food process engineering, environmental engineering, soil and water engineering, power and machinery systems, structures and environments, and bioprocess engineering, among others.  While the core curricula general prepare students for a wide range of engineering careers, the areas of specialization help enhance students’ opportunities for employment in specific industries or agencies.


The Biological and Agricultural Engineering programs across the U.S. have the advantage of being relatively small.  This offers students the opportunity for close interaction with faculty members, and individual assistance in course selection, career guidance, and job hunting.  On most campuses, this interaction is further enhanced by participation in Student Branches of ASAE, The Society for Engineering in Agricultural, Food, and Biological Systems.


JOB OPPORTUNITIES


The future for Biological and Agricultural Engineers promises to be a bright one.  The scientific community, and society in general, continues to face an increasing number of challenges associated with biological systems.  Consequently, the need for well-education Biological and Agricultural Engineers will almost certainly continue to increase.


The specific challenges and needs will vary, depending on the particular area of specialization.  For example, Biological and Agricultural Engineers specializing in Food Process Engineering are in particular demand for improving food processing systems, food safety, and the convenience and cost of food products.  In fact, engineers working in the food industry are among the highest paid engineers, when compared to all engineers working in manufacturing industries.


Additionally, Biological and Agricultural Engineers will also continue to be needed to solve problems associated with biological waste reduction, soil resource management, and water quality.  These engineers find employment with food processing industries, consulting firms, and government agencies such as the Soil Conservation Service and Department of Pollution Control and Ecology.


In addition to these examples, Biological and Agricultural Engineers of the future will most certainly find employment in a whole range of positions, some of which are not yet even conceived.  These include careers in biotechnology industries, consulting firms, and government agencies.  Especially for those with advanced degrees, research careers in industry and in universities offer exciting opportunities and challenges.  The strong assets of engineering and biology expertise will be the keys to success in all of these careers.


EXPERIMENTS


Composition of Biological Materials


In designing systems or equipment for producing, handling, or processing food or other biological materials, water is often a limiting or controlling parameter.  Water affects the physical, chemical, and biological properties of the materials.  Therefore, it is important for Biological and Agricultural Engineers to know the moisture content of materials being handled and the effects of moisture changes on process designs and materials properties.


Although several instruments have been developed to rapidly measure moisture content of foods, the reference laboratory method is usually a gravimetric oven test.  Samples are ground or finely minced, weighed, dried in an oven until they reach a constant weight, and reweighed after drying is complete.


In presenting these concepts to students, instructors are encouraged to solicit students’ estimates for the moisture content (i.e., % water) of several food materials (e.g., milk, tomatoes, peppers, carrots, unpopped popcorn, etc.).  (Experience has shown that students, and most people in general, tend to significantly underestimate the moisture content of most biological materials.)


Materials:


small food processor


a balance (accurate to approx. 0.1 g, if possible)


small “tins” for holding samples during weighing and drying


an oven


PROCEDURES


A sample of each material should be separately ground in a food processor.


A portion (approx. 15 g) of each sample should then be weighed out in a small tin/container, and the weights recorded.


The samples are then placed in the oven (preheated to approx. 250(F).


Each sample should be carefully reweighed approximately every 30 minutes, and removed from the oven when the weight is nearly constant (might be 2 to 6 hours).


The dried sample (in the tin) should be weighed very soon after removing from the oven, because the dried material will immediately start to absorb moisture from the air.


The moisture content (MC) of the material is then calculated from the initial and final weights, according to the following formula:


� EMBED Equation.2  ���


It is usually advisable to do duplicate of triplicate samples for each individual material and calculate an average moisture content from the replicates.
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