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Abstract: The School of Urban Development , Faculty of Built Environment and Engineering at QUT, is dedicated to providing students with experiences beyond the lecture rooms and in-house labs to prepare them for work in industry. With this in mind, Environmental Engineering students are exposed to industry by the use of field trips, field experiments/assignments, case studies, vacation work (credited towards industry experience) and eventually work placement at the end of their course. This paper reports on the successful outcomes of around 4 years of the program from a student and lecturer’s perspective. It also discusses opportunities to extend this to a more formal and wider industry partnership participation.
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1. Introduction

The traditional approach to teaching and learning in classrooms and in house laboratories within the University has been somewhat changed over the years. This may be due to a number of reasons including change in delivery methods where the emphasis is on the how and why of problem solving rather than mere memorisation of facts, availability of information electronically and a general lack of funding for in depth experiments. 
This paper looks at a number of Environmental Engineering units taught as part of the Bachelor of Civil Engineering (Environmental) at QUT. The use of site visits relevant to the practical components of the units, industry guest lecturers, field experiments/assignments, case studies, vacation work (credited towards industry experience) and eventually work placement at the end of their course are some of the important aspects covered in this paper. 

The successful outcomes of around 4 years of the program from a student’s and lecturer’s perspective are discussed. It also discusses opportunities to extend this program to a more formal and wider industry participation.

2. Status of School Laboratories and Lecturer/Student Interaction

The units are structured into 4 hours per week blocks over 13 weeks per semester, rather than the usual 2 hour of lectures and 2 hours of laboratory work. This is to allow for part time students to attend lectures with minimal disturbance to work commitments. It also allows for laboratory sessions, tutorials and field trips and additional group assignments to be conducted within the required time frame. There is sufficient lecturer/student interaction based on the allocated time frame to allow for case studies to be discussed and analysed in detailed. 
With an ever diminishing budget (Gibson et al, 1999) to service, upgrade and restock supplies, traditional laboratories have been limited to the bare necessities. Industry based practicals provide students with a low cost opportunity in practical experience. Guest lecturers working in relevant industries together with web based information are made available to the students. The use of web based information allows students who are already employed (part time and full time) to access information without commuting to university. 
3. Selecting Relevant Industry Partners based on Curriculum Requirements

The focus of previous partnerships between industry and higher educational facilities has been on co-operative research or similar projects (Powers et al, 1988).Although these types of projects are undertaken at QUT, Environmental Engineering units also give students experience in the issues arising in daily operations in industry. Some examples of how industry partners are involved with the respective units are presented below.
3.1 Environmental Geotechnology (CEB523)

This unit covers aspects of contaminant transport, groundwater and soil contamination, risk assessments etc. Landfill design, leachate and methane monitoring theories are also covered in this unit which are presented by Logan Waste Services’ (LWS) Environmental Engineer (Industry partner). The students are taken to the Browns Plains landfill which is operated by LWS. They are given a tour of the site by the Engineer. Opportunities are given to the students to ask questions about the landfill. An assignment is given to the student as part of unit assessment. 
The site visit has given the student an appreciation of the operation and working condition of a landfill. This exposure has definitely assisted them in putting a theoretical concept into real life situation which is different from teaching it from a text book case.

3.2 Environmental Management for Engineers (CEB330)

This unit focuses on management systems based on Australian Standards for Environmental, Quality and Health and Safety Management. It explores opportunities for improvement of engineering practice and environmental management by the use of non-structural controls. It also deals with the role of Environmental Management Systems (EMS) in facilitating legislative compliance and managing associated costs. Integration of Environmental Management Systems with Quality and Workplace Health and Safety Management Systems was also covered in detail. Field trips and assignments were used to demonstrate how sustainability principles can be integrated into a range of industries in an economically feasible manner. 
The core lectures for Environmental Management for Engineers were presented by environmental engineers who are responsible for day-to-day management of the projects at workplaces such as refineries, transport, port authority, consultancies and waste disposal facilities. Using lecturers who are employed in industry allow them to share their real life experiences in management of the environment with the students.
Assignments for the unit were based on implementation of Environmental, Quality and Workplace Safety systems that had been implemented or were in the process of being implemented over a range of industries. Assignments illustrated how EMS could be integrated within existing management structures and with consideration of industry specific issues. 
Field trips were undertaken to Browns Plains Landfill, Port of Brisbane and BP Refineries. These trips were used as examples of actual implementation of EMS and considerations that are important in implementation in different areas. The field trips gave students a feel for the scale of operations at the facilities as well as to see the environmental impact of operations and how well they were managed.
3.3 Waste Management Strategies (CEB418)
This unit focuses on Waste Management strategies in Queensland but also introduces the students to similar work in other states and internationally. Topics such as waste minimisation, recycling (metals, paper, plastic, glass, concrete, etc), composting, phytoremediation, vermiculture, clinical waste treatment etc were addressed.
Logan Smart Tip was used as an example throughout the subject to illustrate how municipal waste is managed. Field trips to Browns Plains Landfill (Figure 1) and the Creastmead Cleanaway Material Recovery Facility further illustrated the management of municipal waste. Economic considerations of municipal waste management and other practical considerations were a focus of the unit.
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Figure 1: Field trips to municipal waste management facilities provides hands on experience
As an assignment topic, students were allocated a specific area in the waste management field and were required to contact waste management firms to arrange site visits and information gathering. The focus of these investigations was to be on waste minimisation and methods to recoup cost in waste management areas (Figure 2). The students were required to present written reports and an oral presentation in the class. 
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Figure 2: Project based assignments are used to assess the financial viability of waste reduction strategies, such as concrete recycling and composting.
3.4 Environmental Law and Assessments (CEB416)

This unit provides the student with background knowledge of the legislative framework that governs development and management of the environment. Guest lecturers in the subject were recruited from industry in order to confront students with real life situations where environmental law is applied and how it interacts with planning and engineering practice.
The focus of the subject is on legislation that governs development in Queensland. This is achieved by identifying how legislation (especially the Integrated Planning Act) guides the development process. This part of the unit consists of lectures delivered by a practicing environment and local government lawyer. 
A planning lecture series on the development approval process and local government law is presented by a practicing town planner from a local council. 
The main assignment for the subject consisted of an in house role playing exercise where groups of students took the role of proponent, opponent or regulator for a proposed development and followed the development process from inception to the Moot Court (Planning and Environment) stage. This gave the engineering students experience in the planning and development process from a legislative viewpoint. Written assignment requirements were similar to those that would be required by participants in the development process. 
A series of lectures was also presented by Environmental consultants in the fields of environmental assessment (Environmental Impact Assessment, atmospheric pollution, planning etc), contaminated land management and water pollution control. These guest lecturers reinforced the importance of the role that legislation plays in the engineering practice.
Overall, this unit made the student aware of the demands legislation places on engineering and planning activities in Queensland, especially the central role of the Integrated Planning Act. 
3.4 Industry Based Thesis Topics (CEB411)
Thesis topics conducted over one semester for final year engineering students can be chosen from topics based on real life problems in the civil and environmental areas. Students are encouraged to investigate in depth problems that arise during employment. The thesis topics are based on negotiations between lecturers and industry. Examples include:
· Landfill liner design, including issues associated with non traditional materials such as the use of shredded tyres as a drainage layer, 
· Phytoremediation of contaminated land,

· Waste minimisation strategies and recycling rates associated with municipal waste management; 
· Cost analysis of water recycling in commercial and industrial sectors and 
· Effect of hydrogen sulphide on concrete tanks and rationalisation of onsite waste water treatment systems.

Students are encouraged to liaise with industry groups which supply data and resources to students as appropriate. In return, students are given experience in applying practical knowledge to real life situations and working with industry groups.
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Figure 3: This phytoremediation project was set up by a student employed at Browns Plains Landfill for treatment of septic tank leachate 

3.5 Industry Experience

It is a requirement that 6 weeks practical work in the engineering field must be completed before the student can gain their degree. QUT facilitates this work experience by building relationships with industry groups. Below is one student’s view of his work experience; 
‘I undertook work experience at Cement Australia over the Summer vacation period of 2005-2006. My role was assisting in the development of an integrated Environmental Management and Workplace Health and Safety System. 
My tasks included:
· developing a documented system for identification and assessment of environmental and workplace risks,  
· developing an Environmental Management Plan for the site, including specific plans for Stormwater, Waste and Dust Management, and
· assisting in implementation of an integrated Workplace health and safety, environmental and quality management system. 

My experience at Cement Australia also showed me how environmental management can be integrated with other management systems that are already in place. It also showed me how a management system can be implemented in a standard way over a number of sites and the advantages this can have in streamlining management on the corporate level. I also learnt the importance of documentation in environmental and WH&S systems. 
On an operational level I was able to see how management systems were implemented on the ground, and problems that may arise in implementation and operation. The work experience also highlighted to me problems in implementation and operation of management system. I was able to apply the engineering and environmental principles that I learnt at university in the areas of Stormwater and Waste Management.’  
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Figure 4: During work experience students are exposed to complex environmental problems such as contamination investigations.  
3.6 CEED Programs

Co-operative Education for Enterprise Development (CEED) Projects are funded  industry based programmes in which students gain academic credit for undertaking practical projects that aim to solve practical problems in an industrial setting. A Thesis is generated by the student based on the tasks performed in the project. CEED programs in the environmental and civil engineering disciplines are encouraged, and include topics in environmental monitoring, potable water reticulation and topics on water conservation.  

Below is one student’s comment on undertaking a CEED Project:
‘I am undertaking a CEED Project with Ipswich Water (a business unit of Ipswich City Council). My tasks include development of Recycled Water Management Plans, which document the measures taken to ensure public health and the environment are protected when recycled water is used. 
‘The project has exposed me to the practical problems in using recycled water in Queensland. It has also given me experience in risk assessment, practical knowledge of treatment of wastewater, and the reticulation network necessary for delivering recycled water.

‘The basic knowledge of wastewater treatment, microbiology and environmental risk assessment that I have gained at QUT has assisted me in the drafting of Recycled Water Management Plans.  
‘I believe that the experience that I have gained in the CEED Programme will provide me with experience that will make me more employable at the completion of my degree.’
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Figure 5: Field trip to a landfill gas electricity generation plant to demonstrate improvements in both economic and environmental outcomes.
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 Figure 6: Field trip to Logan Wastewater Treatment Plant undertaken as part of the Water and Wastewater Engineering unit reinforce concepts learnt in lectures 

4. Benefits 

4.1 Student’s Perspective

Below is a student’s view of the benefits of lab exercises and practical experience gained through this mode of teaching:
‘Engineering is about the application of science and theoretical knowledge to a practical problem. Integrating practical experience into the curriculum of units has made me aware of the scale of engineering applications and practical issues that arise in civil and environmental engineering. 

Seeing civil and environmental applications assisted me in learning the theory behind them. It also showed me where theoretical knowledge has shortcomings. 
I also gained a basic understanding of methods to reduce cost associated with environmental management and associated civil engineering work. Participation in industrial projects has given me confidence that the theoretical knowledge that I learnt at QUT will assist me in the workplace. This is reinforced by gaining work experience through staff at QUT that has the potential to lead to full time employment.’  
From a student’s perspective, the use of guest lecturers, lab sessions and field trips made the students aware of how engineering principles and systems could be adapted to different situations in a cost effective manner. 
4.2 Lecturer’s Perspective

Students undergoing this program have made them aware of the need to apply their knowledge to real life engineering problems in a business setting. 

Both the students and prospective employers are in a win-win situation in terms of preparation for the students to transition from student to employee expectations.
It has been shown that students placed in industry based positions improve their capacity for problem solving and self confidence. Their personal, social and career development abilities are also improved (Ryder et al, 1987). Increased participation in the workforce during studies has been shown not to reduce the achievement of the student at university (Powers et al, 1988). 
5. Recommendations

Further refinement is required to be streamlined in such a way in which the units in Civil and Environmental engineering are adapted to incorporate guest lecturers, on site practical work and assessments. This may take a few more years to establish on a trial basis. 
6. Conclusions

The current model for ‘Environmental Engineering’ units at QUT can be explained as an apprenticeship type model which ensures that practical engineering skills are learnt on site.

The School of Urban Development , Faculty of Built Environment and Engineering at QUT is dedicated to providing students with experiences beyond the lecture rooms and in-house labs to prepare them for work readiness in the industry i.e. the use of industry based learning methods reinforces the learning of theory. 

The Environmental Engineering units which have been embedded with site visits during the entire course ranging from industry guest lecturers, field experiments/assignments, case studies, vacation work (credited towards industry experience) and eventually work placement at the end of their course have worked well to date. 

The successful outcomes of around 4 years of the program from a student’s and lecturer’s perspective have been discussed. Opportunities to extend this to a more formal and wider industry partnership participation are encouraged.
This has resulted in graduates who are more employable due their understanding of how workplace functions and practical experience benefited them. 
This has also increased the student’s confidence and enthusiasm to solve complex engineering problems as part of their University training. This can be substantiated with a number of the graduates in managerial positions at city councils and consultancies etc.
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