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Introduction

You will agree with me that the gap between the Universities and existing industries is quite wide. They seem to be operating at both extremes of the divide. Meanwhile, the chemical engineering discipline has to do with industrial processes in which raw materials are changed or separated into useful products (McCabe et al, 2001). The chemical engineer must develop, design, and engineer both the complete process and the equipment used, select the proper raw materials; taking into cognizance requirements the plant must satisfy, which include; safety, production specifications, environmental regulations, operational constraints and economics(Stephanopoulos, 1984). Chemical engineering is both an art and a science (McCabe et al, 2001). Whenever an engineer solves a problem scientifically, he uses science. When, as is usually the case, science does not give a complete answer, it is necessary to use experience and judgment. The professional stature of an engineer depends on skill in utilizing all sources of information to reach practical solutions to processing problems.

The challenges of Chemical Engineering in the 21st century

The chemical process industries, which include the petroleum, fine chemicals, pharmaceuticals, and health, cosmetics, household care, agro and food, environment and electronics sectors, have been facing dramatic social, economic and technical challenges on a global and local scale (Costa et al, 2006). As a result they have been undergoing deep and rapid changes in the scope of their activities, in the strategies adopted to remain profitable and achieve sustainable growth, and hence, in the way they view the chemical engineering profession. Since many of the chemical products of today and tomorrow do not have much in common with those of 20 years ago, the portfolio of skills and technical knowledge required by chemical engineers has also been changing rapidly. Chemical engineering science and practice must address this new reality, updating its scope, and hence evolving from both educational and research perspectives. That aside, the 21st century is bedeviled with a plethora of teething issues such as;

· changing ecology, 
· increasing population, 
· global warming, 
· deforestation, 
· equity, 
· finite resources, etc. 

Solutions and technologies have to be proffered. The chemical engineer been a multi-disciplinary engineer and a strategic problem solver has relevance in today’s industrial evolution (Ghosh, 2006). But is the Nigerian engineer equipped to tackle these problems that are peculiar with the 21st century? I would say no for now since the Nigerian chemical engineering graduate is himself bedeviled with such problems as; lack of practical skill and lack of proper exposure to basic industrial norms. In the course of this discourse I will try to highlight remedies to some of these teething problems.
Linking Core Concepts to Emerging Technologies


A firm grasp of the fundamental concepts of mass balances, thermodynamics, transport phenomena, reaction engineering and separations is vital for lifelong learning and as a basis for critical thinking (Armstrong et al, 2008). There is need to teach these core concepts and to link them to emerging and cutting edge technologies (e.g. Sustainability, energy and molecular engineering)  together with societal concerns. This will require serious efforts in developing new textbooks and educational materials that emphasize science and system concepts to address the multi-scale nature of the chemical engineering discipline. 
Also, today more emphases is place on paper qualification than the skills. Most of the tertiary institution are not well equipped and hence the graduate tuned out are not having the practical knowledge  they ought to have. graduate have a lot of book knowledge but the practical know-how is almost zero

In addition, most of the Industries in the country have folded up and hence, it is difficult for the undergraduate to find a place for Industrial Training. This has made it worst for the student to get practical knowledge.

Gap also exist between research and development. A lot of researches have been carried out in tertiary institutions and are laying in the shelve but have not been transferred into reality.
Reviewing Program Standards through a Broader Consultation Process


A program standard should be developed through a broader consultation process involving a range of stakeholders with a direct interest in the chemical engineering program, including employers of labour, professional associations, universities, secondary schools, and program graduates working in the field, in addition to students, faculty, and administrators at the universities themselves (http1). It represents a consensus of participating stakeholders on the essential learning that all program graduates should have achieved. For the Nigerian chemical engineer to be competitive in the global labour market, the curriculum also needs to emphasize development of key skills such as problem solving, critical thinking, ability to deal with uncertainty and multidisciplinary team work. 

The emphasis of the university curriculum should be on the fundamentals of physical and chemical phenomena, mathematical modeling, and problem solving techniques. These will provide a rigorous preparation for immediate employment after graduation or a strong basis for graduate school. Also, the depth and breadth of coursework should prepare the student for challenges ahead. The following should be considered (Woods.2000),.

                         
        a. The appropriate streamlining of the original content of teaching practical. Principle must be of professional teaching plans and teaching content must be adjusted to grasp the basic concepts, and strengthen the practical application for the purpose of streamlining unnecessary theoretical derivation. Such as simplifying the fluid dynamics of the Bernoulli equation derivation process, highlighting the application and extension of the equation.
 
        b. It is appropriate to broaden the curriculum, the introduction of new knowledge. Future chemical engineers will face a variety of production tasks and various problems and therefore must have a wide knowledge, so the appropriate expansion of the teaching content is very necessary. For example, in chemical separation, the membrane separation in the last 20 years developed a new separation method, using a wide spectrum, can be used for the separation of heterogeneous mixtures, such as the removal of small particles, bacteria, etc., but also for the separation of gas and liquid phase mixture; and mild operating conditions. Thus, in Chemical Engineering, course to increase membrane separation is necessary. Also, currently in the market, many new heat pipe have been developed with excellent heat transfer efficiency. These  show that ‘Chemical Engineering’ course should be added some new content, introducing new technology, new equipment, with the time. 
         
        c. The reform of teaching methods to improve teaching quality.         
         Teachers should focus on ways to establish awareness of students to analyze problems and problem-solving skills, guide students to keep in mind the theory and practice together. According to this guiding ideology, Chemical Engineering teaching should be bold and students should learn from the advanced educational concepts, using heuristic, exploratory, discussion-type and other teaching methods. For example, in explaining distillation column reflux ratio options, so that students discuss the reflux ratio R to what extent appropriate, teachers can guide students to consider not only the equipment costs, but also consider the production volume and operational stability. 
        d. The reform of teaching methods, improve teaching quality. ‘Chemical Engineering’ is a highly practical course work, which involves a lot of large-scale chemical device structure, complex operation principle and process a large number of engineering calculations. Using the traditional textbook plus blackboard teaching model, makes it difficult for students to learn. Therefore, the reform of teaching methods is very imperative. 
       - Multi-media electronic teaching plan for universities should be adopted. The use of multimedia teaching able to abstract concepts or the process of image display, dynamic display device structure, operation principle, the flow of materials in process, so that the original hard- to- say, difficult- to- learn educational content are made into more intuitive, vivid, images, reducing  the difficulty of learning.          
        e. Training simulation to improve problem-solving abilities. We also can make use of multimedia simulation control technology, simulation of practical training for chemical unit operation, so that students in a control room with the chemical production of the same operating environment, through hands-on, repeated operations, it will have learned theoretical knowledge and actual production closely integrated  together to deepen our understanding of chemical unit processes and equipment, the basic principles and familiarize themselves with the practical skills of each unit process to develop the production operations to analyze and solve a variety of problems. (Ontario Ministry of Training, Colleges and Universities, 1999)
The need for University-Industry interface


In ensuring the proper training and equipment of the chemical engineer, the future of chemical engineering has to be explored with regards to industry/university interface (Georg, 2009). A summary has to be provided regarding academic-industry opportunities and take away action from universities, through, their industry advisory committee, and industry through its partnership with universities, to strengthen the authenticity of chemical engineering students’ education. In order to bridge the gap between the universities and industries, more importance should be attached to the Industrial Training Program being run in collaboration with industries. The chemical engineering student has to be properly exposed to industrial processes relevant to his/her program of study. It is instructive to examine some differences between chemical processes conducted in a laboratory setting compared to those larger-scale operations completed at either a pilot plant, where the process is conducted with intermediate-scale equipment used to optimize and scale up the process, or full-scale manufacturing facility. For example, the mixing of reactants in a small flask or beaker is easily accomplished using a magnetic stirrer or small mechanical stirrer. However, in an industrial process the phenomenon of uniform mixing is much more complicated, and specially designed agitators are required. Chemical engineers study the various mathematical models of mixing in order to design the most efficient mixing device. Another example involves the heating of a reaction mixture. On a small scale, heating is accomplished using a hot plate or similar equipment, whereas on a large scale, heat exchangers are commonly used. The theory of heat transfer and the various designs of heat exchangers are topics studied by chemical engineers. Another major difference occurring in a large-scale chemical plant is that fluids are being moved around from one unit to another. This requires special equipment such as pumps and valves and knowledge of the fundamentals of transport phenomena and, in particular, fluid dynamics (Wankat et al 2002). 


Industries should bring up open-ended problems and relevant case studies so that the universities can be at breast with current developments in the profession. The collaboration between Universities and industries should be such that the industries can help in equipping the university laboratories with state-of-the-art experiments that illustrate applications in safety, environment, product development, and computerized data acquisition & control. In order to be relevant in this technological drive, the universities should close the gap between research and development. This will help the student to have practical knowledge of their experience. 
Pilot –Scaling of Laboratory Research Works


In this era when government is withdrawing funds from Institutions, it is advisable for the Chemical Engineering Department in the tertiary Institution to develop plants that will be into production of some essential products. Income can be generated for the institute and most importantly, students can gain practical knowledge. This will also prepare them for life after school.

 
Universities can come together to form consortium of sorts to establish mini-industries where students can gain industrial experience , first-hand. A plant could have a staff strength of about 10 while students can form the rest of the required man-power to facilitate the running of the plant, depending on a rotational or agreement plan amongst the universities. If the plants are well managed and the collaboration between the universities is rife, the plants could be run though out the whole year non-stop. The Nigerian Society of Chemical Engineers could act as a parent body to  regulate and control the running and activities of these plants.
Each Chemical Engineering Department in the country could specialize in various fields of the Chemical Engineering discipline. This would enable each one of them become rooted and well grounded in their area of specialization,  so as to able to render consultancy services to the public. Students should be attached to the consultancy program to inculcate in them a sense of professionalism.
 Our experiences as a Research Institute has brought to fore the viability of these ideas.  In NARICT, some projects that started in the laboratories have been Pilot Scaled. Such researches include the Neem Project, the Biodiesel Project, Essential Oil Project etc. these work have helped our Chemical Engineers immensely in developing their technical and professional skills. These projects have gone through a lot of development stages and in each case we come out better.

Also in some cases expatriates have to be involved from within and outside the country for no man has the monopoly of knowledge. What we also found out was our ability to perform better as we work on the same project by the day. 
The Nigerian Society of Chemical Engineers should provide leadership and a framework that will facilitate this university-industry interface.
The future of Chemical Engineering Practice in Nigeria


We foresee a vibrant chemical engineering discipline with an exciting future in Nigeria (Ghosh, 2006). Globalization has unquestionably affected the practice of engineering (Cobb, 2007). For one, chemical engineers of today need different skill sets than what was required 15 years ago. Engineering teams are now often multi-national. The ability to work with engineering colleagues from different cultures, with knowledge and sensitivity of multicultural issues, is key. As time goes on, many more chemical engineering departments in Nigeria will develop “global options” programs within undergraduate degrees, as well as international research experiences for graduate students. Among engineering disciplines, chemical engineering is unique in coupling understanding of molecular transformations, multi-scale analysis, and a systems view of problems. Its scale ranges from molecules and microsystems through macroscopic systems, such as industrial plants, to the scale of ecosystems. Its scope involves education, research, development, design, scale-up, and manufacturing of chemicals, petrochemicals, pharmaceuticals, semiconductors, bio-based materials, and the design and operation of energy conversion systems. Research focuses on physical, chemical and biological systems. It is concerned with products, as well as their processes and applications. Chemical sciences and engineering are the most enabling science technology, underpinning technology development in every major industrial sector. The very broad educational training of chemical engineers allows them to work not only in the “chemical engineering” profession, but in a variety of other fields in stark contrast to many other engineering disciplines. The number of chemical engineers working in energy, electronics/materials, pharmaceuticals and bio-related fields is expected to increase in future.

Conclusion
· Fundamental chemical engineering concepts are to be properly taught and linked to emerging technologies
· program standards should be developed through a broader consultation process involving a range of stakeholders with a direct interest in the chemical engineering program.
· There has to be collaboration with existing industries to improve the skills acquisition of chemical engineering students.
· Relevant research works should be revisited and pilot-scaled
· Universities could form consortium of sorts to establish mini-industries where students can gain industrial experience , first-hand.
· Chemical Engineering Departments in the country could specialize in their fields of endeavour so as to be able to provide consultancy services to the public.
The versatility embedded in chemical engineering disciplines will present opportunities and challenges encompassing the broad range of employment opportunities open to chemical engineering (Armstrong et al, 2008). The breadth of research in which we are key participants, and the pervasiveness of chemical science and technology in enabling technological advances cut across all industries. At the same time focus is to be placed continuously on nurturing the essence of the chemical engineering discipline to continuously produce chemical engineers who bring value to all these different areas and to avoid fragmentation of the discipline.
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