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In this paper, some undergraduate research projects are described which aim 
at balancing human work and technology. They deal with the issues of 
enterprise development and networking in order to steer towards .fundamental 
changes within society today. Some emphasis of these projects is on 
environmental engineering. 

1. INTRODUCTION 

In the Gennan Universities of Technology, project work is being offered as an im
portant part of the engineering curriculum. All courses expect engineering students 
to do one or two projects at B.Sc. level before they enter the final-year projects of 3-
12 months duration (Masters). The scope of these study projects is very wide. Stu
dents can choose from a large range of themes. Most of the themes suggested are 
related to on-going departmental research within the university or in industrial com
panies. Thus, the themes are as widely spread as is the university research. In detail, 
however, these themes are very narrowly defmed and very clearly structured. The 
overall aim is that the outcome of any of these projects fits as closely as possible 
into one of the specific research projects of the department supervising these par
ticular study projects. Hence students have to opt for one or two very specific lines 
of research perfonned at a certain research laboratory of the university. Very rarely, 
such projects offer opportunity for interdisciplinary activities, or they involve stu
dents into environmental research related to 'real-life' professional activities of 
engineers today. Some departments, however, follow a different strategy of project 
orientation. 
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As an example, the above mentioned Department of Computer Science (RWTH 
Aachen) supports projects which are run by multidisciplinary teams each comprising 
students and young researchers from both groups of faculties: science/engineering 
and humanities/social sciences. The programmes are supported by a series of differ
ent multi-disciplinary courses (lectures, discussion groups etc.). All projects are 
performed in close co-operation with enterprises. 

Balanced engineering has been one of the main research areas of the department. 
In this paper, some projects are described which go beyond the scope of limited 
technological developments. The projects deal with the larger issues of enterprise 
development and networking in order to steer towards fundamental changes within 
society today. The young engineering students combine, thus, both their studies 
within university and their commitment for new balanced policy within society. 

The overall aim is to qualify engineering students to act responsibly within the 
change processes in enterprises today. The students' project report as their theses 
are the measure of their success within the industrial practice. These theses are the 
prerequisites for starting on their Masters examination. All details of how the 
students tackle this very general challenge, are open to negotiations between the 
students themselves, their enterprise partners - and their academic supervisors. 
These negotiations particularly deal with the question where the emphasis of the 
students' commitment will be: on the implementation of new technology, new 
organisational structures, or new environmental strategies etc.. These differences of 
commitment are reflected in the following project examples. 

2. FOUR PROJECT EXAMPLES 

The first project report deals with educational concept changes within companies. 
One team of young engineers have had the task of instilling a 'clean technology' 
attitude into a traditional metal company. Instead of going for more automation, 
they have aimed at a balanced strategy in order to integrate intrinsic human com
mitment for the environment with technological and organisational development. 
The second project report extends the view from single companies to enterprise 
networks. The project enables the networked companies to share and make effective 
use of infrastructure and natural resources (e.g. energy, water, etc.). In the third 
project report, the need is described to establish new enterprises in order to respond 
to environmental challenges. A group of young entrepreneurs has set up a company 
to disassemble and pre-sort on a large scale, computers and TV equipment etc .. The 
aim is to gain raw material in order to re-deliver it to certain production factories for 
re-use and further exploitation. The work approach combines automation, support 
technology and manual labour. In the fourth project report, the theme is to re-shape 
large-scale systems within society: to design the process management system and 
the supporting information system for fast train-truck change-over on a container 
terminal. The approach chosen is based on high-level automation in transportation of 
freight, high-level of human-oriented work organisation and high-level information 
and decision-support technology. 
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If industry is to move towards more human-oriented production systems, there is 
a greater need for universities to co-operate with enterprises for proactive measures. 

The main driving force of their commitment is the concept of environmental 
change which may be called the 'paradigm of clean technology'. This paradigm 
manifests itself, for instance, in resource conservation or reduced resource 
consumption and thus in lower waste generation during the production process and 
throughout the product life cycle. 

3. THE PARADIGM OF CLEAN TECHNOLOGY 

Strong pressure is currently being exerted on industry to take the environmental 
aspects of its activities, products and services into account. A different approach to 
solving the associated environmental problems has slowly become apparent. The so
called 'clean technology' model represents a shift away from the 'dilute and disperse' 
paradigm and 'clean-up' or 'end of pipe' technologies which have been strongly evi
dent in industry until recently. The orientation is now, however, increasingly fo
cused towards sustainable development (in connection with eco-effi.ciency, clean 
technology or preventative engineering) although practical examples may still in
corporate aspects of the other two approaches (van der Vorst, 1997). This paradigm 
manifests itself, for instance, in resource conservation or reduced resource con
sumption and thus in lower waste generation during the production process and 
throughout the product life cycle. This may be a cost-driven goal rather than envi
ronment-driven. For the engineer, the new paradigm implies that he or she needs 
certain values or ethics (e.g. a sense of responsibility towards society and future 
generations) which will manifest themselves in environmentally beneficial behav
iour. It may then shape his/her approach to research, planning and design as well as 
the products and processes themselves. 

Engineers working in today's industry are increasingly exposed to environmental 
issues. The concept of the clean technology paradigm is a holistic one: instead of the 
linear thinking and processes involved in the earlier paradigms (which have a strong 
technology base), 'clean activities' encompass a wider range of skills and considera
tions. It is not enough to solve an environmental problem in technical terms; this 
would represent a short-term and isolated or one-off technical solution when com
pared to the clean technology approach of integrated environmental protection. For 
instance, the engineer needs to ask himself not just "what is the problem and how do 
we solve it?" but also "how do we prevent it from reoccurring?" and "can we find an 
alternative?" or "can we eliminate the root cause of the problem without creating 
other environmental problems?" Such 'clean solutions' are characterised by their 
long-term outlook, the consideration of indirect as well as directly related activities 
and effects (such as those up and downstream), the participation of different actors 
(e.g. the stakeholders) and a cross-functional approach. 

The following sections describe how these concepts have been put into practice 
by the engineering student research teams at the Department HDZIIMA, University 
of Technology, Aachen. The first project deals with changes within companies. 
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4. PROJECT REPORT I: RE-ORGANISING ENTERPRISES 
TO COPE WITH NEW ENVIRONMENTAL CHALLENGES 

In this section, a project is described to re-organise companies from within in order 
to improve overall performance (Schimweg, Blum, 1999). 7 different industrial 
companies were analysed by research teams in terms of their re-organisational needs 
and current activities related to change. 

One specific task has been to instill a 'clean technology' attitude into a 
traditional metal working company. Instead of going for more automation, the team 
has aimed at a balanced strategy in order to integrate intrinsic human commitment 
for the environment with technological and organisational development. The 
approach has been to tackle perceived environmental problems and establish an 
environmental management system to ensure that environmental performance 
continues to improve after funding for the project ends. Moreover, this all has to be 
achieved through the active involvement of the company's employees. The 
challenge here is to harness the efforts of the project group on one level (line 
managers, non-environmental staff and individuals from various levels of the 
organisation) and then to convey these actions and interact with other stakeholders 
i.e. non-group members (the rest of the company, other companies in the network). 
The young engineers have therefore developed communication and conflict 
management as well as problem solving skills. Just as important, the group members 
themselves have had to learn the same competencies. 

The following project report extends the view from single companies to 
enterprise networks. 

5. PROJECT REPORT II: THE ENVIRONMENTAL 
TECHNOLOGY PARK 

This case study illustrates how young engineering students took on the challenge of 
technology of going beyond the traditional boundaries and structures of the German 
engineering education system. The project concerned, the 'environmental technol
ogy park', is an example of how economic and ecological objectives can be brought 
together in a combined clean/clean-up solution. 

The concept of technology or industrial (business) parks is not uncommon, espe
cially in highly industrialised areas which physically cannot be expanded any fur
ther: high-tech and service-oriented companies settle within an enclosed geographic 
area generally as a result of industrial and regional government policy - companies 
which are more resource-intensive (in terms of energy, equipment, etc.) are usually 
excluded. It is however possible to incorporate the latter by establishing parks which 
allow for the shared and effective use of infrastructure and primary and secondary 
resources. 

The environmental technology park developed in Bielefeld, Germany, was 
centred around a textile finishing company with a cluster of specially selected 
companies taking up residence in unused areas of the site. The selection was based 
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on an analysis of the material flows, product/service output and the energy demands 
and capacities of each company (input-output balance). Shared use of electricity 
generated on site, fresh water supply, sewage treatment plant, maintenance as well 
as other facilities have thus been made available to over 30 relocated companies 
since 1997. Among them are several trading, marketing and software companies, 
two laundries and a car wash business. Water recovered from the existing sewage 
plant is utilised by the car wash; excess steam from the existing power station heats 
the water as well as the new office buildings, and so on. There has not only been a 
reduction in energy and water consumption and therefore in costs, but jobs and the 
site itselfhave been secured. 

In dealing with such a complex problem as the environmental technology park, 
the professional engineer must cover a wide range of skills and have an 
understanding of technological aspects (spatial and material factors and 
interactions), social aspects (the human network), and organisational aspects 
(describing the relationship between the social and technical aspects) (Schimweg, 
1996). This project started life as a Masters dissertation and culminated in a doctoral 
thesis integrating several more student research projects at B.Sc. and Masters levels, 
a process spanning several years. 

In the two project reports so far, existing companies have been considered. The 
next report will describe the need to establish new enterprises in order to respond to 
environmental challenges 

6. PROJECT REPORT III: ESTABLISHING A NEW 
NETWORKEDENTERPIDSETOSERVE 
ENVIRONMENTAL NEEDS 

Apart from technology-oriented engineering work - research & development, pro
duction engineering and production etc. - aspects of service are playing an ever more 
important role in the area of responsibility of engineers. Engineers may not restrict 
themselves to technology-oriented aspects of engineering work. Nowadays, they 
have to be open-minded for new demands derived from society characterised by 
information, communication and service. Only then may they anticipate their future 
professional activities as engineers. Initiating and managing social and organisa
tional processes will be an important competence. The initiating and managing of 
Service-Integrated Technology and related development processes in complex net
works will be one of the new core competencies of engineers. The following exam
ple demonstrates these new challenges for engineers: balancing technology and 
service to respond to new societal tasks. 

A group of young entrepreneurs has set up a company to disassemble and pre
sort on a large scale, computers and TV equipment etc.. The aim is to gain raw 
material in order to re-deliver it to certain production factories for re-use and further 
exploitation. These materials comprise: copper wiring, glass tubes, condensers and 
shredded circuit boards, plastic materials etc. The computers are collected region
wide (e.g. 20 km around the disassembly plant) by the city council. 
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The company is a part of a network of local administration, industry and the 
institutions and chambers responsible for employment and qualification (see Figure 
I). Their common aim is the lasting combination of structural regional and labour 
market policy. The founding of the company has been the committed work of a team 
of engineers, social scientists and economists. (Nowinski, Woyke, 1999). In order to 

Figure 1 - Structure of co-operation network for recycling of electr( on)ical 
products in the region of Aachen 

correspond to this challenge beyond engineering, the young engineers have followed 
a strategy which balances automation in material handling, supporting informati9n 
technology- and manual labour for low-qualification shop-floor workers. 

In the following project report, the concept of project orientation for young engi
neering students is extended even further: the theme is to reshape large-scale sys
tems within society in order to substantially contribute to environmental improve
ments. 
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7. PROJECT REPORT IV: DESIGNING ENVIRONMEN 
TALLY ORIENTED TRANSPORTATION SYSTEMS 

265 

This project report deals with the fundamental issue of transportation. The specific 
research issue described is how to perfonn large-scale ground transportation of 
containers by train rather than by truck. One of the main problems of European 
societies is the transportation of goods. Networking of industrial production is 
steadily increasing. One solution is at present being widely discussed. It can be de
scribed by the tenns 'transportation of containers by combining rail and road traffic'. 
It includes to make available large tenninals which enable fast change-over of con
tainers from train to truck or vice versa. The main weakness of the present ground 
transportation of containers, however, can be seen in the time losses during change
over at these tenninals. 

It is obvious that designing a high-perfonnance train-truck container tenninal re
quires more than finding sophisticated technological solutions. The tenninal is a 
complex human-machine-system. The key to long-tenn efficiency lies in finding the 
balance between technological components and human skills and abilities. Thus the 
main aim of the project described here is to design for such a tenninal the process 
management system and the supporting infonnation system for fast train-truck 
change-over - corresponding to the aims of environmental improvements, e.g. to 
save natural resources in transportation. It includes designing networked software 
structures to link several tenninals across Europe. 

As a specific student research project such a tenninal management system has 
been developed, tested and implemented (Sander et al, 1998). The approach chosen 
is based on high-level automation in transportation of freight, high-level of human
oriented work organisation and high-level infonnation and decision-support tech
nology. The perfonnance of the 'pilot' tenninals has been completely satisfactory. 
No political decision, however, has been taken for more than 10 years to introduce 
such large-scale changes of good transportation in Gennany. A new strategy of 
overcoming this deadlock situation has been suggested by a new team of young 
engineering research students: as a preliminary step, to technologically improve the 
perfonnance of semi-trailers in order to speed up train-truck change-over and thus, 
freight ground transportation. This project is presently running financed by the EU. 

8. CONCLUSIONS: ENGINEERING SKILLS FOR 
SOCIETY? 

Technological issues and human activities are intimately interwoven - it is the 
sustained welfare of the community which is at stake. Automation is certainly not 
the answer to the problems we are encountering today. Of course we are looking to 
engineers to find the answers - but we are expecting a lot from them: they should be 
enhancing business potential and perfonnance, managing technology, innovating 
and responding positively to a continuously changing world - they are a driving 
force for change. "Success comes from anticipating needs and recognising opportu
nities" (Barton et al, 1995). 
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The project reports show that the challenge of balanced technology demands a 
set of competencies which are also relevant to the needs of the business in general. 
The training provided to engineers needs to incorporate the issues of human oriented 
technology and the environment, not just as add-ons but as an integral component of 
technology development and education. The focus is on abilities, skills and knowl
edge to do what is needed within a particular culture, framework and mentality. If 
industry is to move towards more human-oriented production systems, there is a 
greater need for universities to co-operate with enterprises for proactive measures 
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