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Abstract

The Danish government as well as regional and municipal authority has issued ambitious goals and plans for building a sustainable future by developing and implementing alternative practices and technological solutions to societal needs. As an educational institution Copenhagen University College of Engineering (IHK) supports this process by innovation of the engineering study programs offered by the institution to deliver on the necessary sustainable competences acquired by our engineering students. The paper describes the sustainability strategy developed to transform IHK into a sustainable institution in order to comply with society’s ambitions. Further, the new learning elements introduced in the curriculum of study programs are described and examples of theoretical and practical implementations of specific technical solutions developed by the students are presented. Focus is on such areas as wind, bio mass and earth energy, monitoring and reducing energy consumption in buildings and transport, and application of cradle-to-cradle concepts in product development and manufacturing including circular logistics.
1.
Introduction
Previous to and following its accreditation in 2007 as a university college by the Danish Ministry of Education, the Copenhagen University College of Engineering (IHK) has been going through a process of major transformation. Some elements of these strategic changes have been described in [1]. In a development process by a group of dedicated people a new strategic area of interest at IHK was articulated on January 24, 2011, namely that of sustainability, [2]. The sustainability strategy of IHK is based on the Brundtland concepts [3] and contains four focus areas for supporting a sustainable development of the society:

1) Facilitate the innovative cooperation between partners including universities, municipalities and commercial companies involved in development of sustainability.
2) Sustainability and sustainable development is an integrated activity across all study programs and educational activities.

3) Research, development and innovation (RD&I) are conducted within selected areas of sustainability.
4) Transition of IHK’s physical facilities into a sustainable institution is achieved in cooperation between students, academic and administrative staff.
As it will become clear from the following Sections, the engineer is going to become a major player in the future endeavors towards a sustainable society. Consequently, the sustainability strategy of IHK appears to be well chosen and in synchronization with necessary and major initiatives taken by governments and municipalities around the world.
This paper will focus on the strategic alignment of IHK’s educational and RD&I activities with the current overall strategic thinking and acting of the Danish society regarding sustainability.
2.
Requirements for a sustainable Danish society
The area of sustainability has received a lot of attention globally and domestically. The Danish Energy Agency issued an energy policy statement in June 2010 stating that Danish energy policy faces significant challenges, [4]. The security of supply of oil and gas has been weakened in the long term because domestic reserves are being exhausted and because the remaining reserves are concentrated in relatively few countries and regions. Additionally, the global climate is expected to undergo major changes, unless emissions of green house gases are reduced significantly, especially CO2 from combustion of fossil fuels.
Previously, the Danish liberal-conservative government initiated the Danish Commission on Climate Change Policy and a report was issued September 2010, [5]. The main conclusion was that transition to a fossil fuel independent society is a real possibility. Subsequently the government published its “Energy Strategy 2050 – from coal, oil and gas to green energy“, February 24, 2011, [6]. The strategy builds on the previous work by the climate commission and is focusing on two strategic goals, namely to achieve independence from fossil fuels by the year 2050 and at the same time significantly reduce green house gas emissions. On the occasion of publishing the strategy on February 24, 2011, the Minister for Climate and Energy, Mrs. Lykke Friis stated that “Denmark is the first country to present such a specific and ambitious strategy for achieving independence from fossil fuels”, [7].
The Energy Strategy 2050 presents a series of new initiatives to transform Denmark into a green sustainable society with stable energy supply, [6]. Some of the initiatives are expected already in the short run to reduce fossil fuel dependence. By 2020 the use of fossil fuels in the energy sector will be reduced by 33% compared to 2009. Additionally, the strategy will increase the share of renewable energy to 33% by 2020 and it will reduce the primary energy consumption by 6% by 2020 compared to 2006 due to a strong focus on energy efficiency improvements. Further, it is important to notice that the strategy should be fully financed, taking full account of Danish competitiveness on the global markets.
The Energy Strategy 2050 builds on four principles [6]:
· Cost effectiveness. The transition must be cost effective, with initiatives providing maximum security of supply and the highest reduction in the use of fossil fuels for every DKK of expenditure. This means that focus is not on large-scale use of technologies which requires high subsidies. Instead for these technologies focus on research, development and demonstration, which in the long term can make them competitive at lower levels of subsidy.

· Minimal impact on public finances. The distribution of benefits and costs in connection with the transition must not burden public finances. Therefore, the transition is fully financed, with expenditures primarily covered by consumers of energy (companies as well as households).
· Retaining competitiveness. The transition needs to take the competitiveness of Danish businesses into account. This requires that companies know the long-term framework, within which they must operate, and that energy costs do not increase significantly.
· Full utilization of international frameworks. The transition must make full use of the opportunities of a globalised world and ever closer EU cooperation. The goal is not a self-sufficient Denmark. On the contrary, Denmark must continue to exploit the advantages of being part of an international energy market.
While Energy Strategy 2050 requires independence of fossil fuels and less emission of green house gasses there are other challenges to be met by a society claiming sustainability. Also reuse of scarce materials and/or substitution by reusable materials, reduction of waste and reduction of pollution (other than green house gasses) have to be considered. Here the business and production concept cradle-to-cradle (C2C) becomes extremely relevant, [8]. The basic idea is to think in circular rather linear processes so that the products re-circulated can be disassembled and components and materials reused in new products. A Danish C2C-based guideline for building owners is in progress, [9].
Clearly, the governmental ambitions behind Energy Strategy 2050 are high. The implementation of the strategy will only be possible by a concerted effort of all sectors of the Danish society. As a leading engineering school in the Copenhagen area IHK is prepared to contribute to that effort according to its capability and capacity.
3.
The challenge for IHK as a university college of engineering
As a university college of engineering IHK offers a range of ten ordinary study programs of a normalized duration of 3½ years leading to a professional bachelor degree in engineering, see Table 1. In addition, four international semester programs are offered to international exchange students, see Table 2. Finally IHK offers 10+ international summer schools to exchange students. These programs are organized in 4 Study Centers.
Table 1: Ordinary study programs at IHK.
	Professional bachelor study program (210 ects)
	Language

	Electronics and Computer Engineering
	Danish and English

	Information and Communication Technology
	Danish and English

	Engineering Design and Industrial Innovation
	Danish and English

	Production Engineering
	Danish and English

	Civil Engineering
	Danish

	Export Engineering
	Danish

	Electrical Power Engineering
	Danish

	Sustainable Energy Technology (since 2009)
	Danish

	Process and Innovation (since 2009)
	Danish

	Health Technology (since 2009)
	Danish


Table 2: International semester programs at IHK.
	International semester program (30 ects)

	European Project Semester EPS

	International Design Semester IDS

	International Business Semester IBS

	International Civil Engineering Semester ICES


Obviously, the challenge is to introduce sustainability in these programs to a degree that ensures every student to develop a “sustainable mind” within his or her preferred engineering specialization in order to effectively contribute to a sustainable future. Since the enabling technologies and the required engineering skills are of a diverse nature it is important to notice that cooperation across technical (and other) divides is a prerequisite to successful development of sustainability.
From the three tracks in Energy Strategy 2050 a number of prioritized technologies with special relevance for the engineering educational programs and RD&I programs at IHK can be identified, [6]:

Track 1: Examples where transition will commence immediately
· Make buildings more efficient
· Electrification of heating and process installation
· Expansion of wind power
· Increased use of biomass
Track 2: Examples where transition has to be prepared and planned
· Planning of the energy infrastructure
· Framework for future district heating production
Track 3: Examples of areas with a need for further research, development and demonstration
· Research focusing on incorporating wind power

· Large-scale demonstration

The challenge for IHK also encloses the necessity to act in concert with the society at large and particularly with actors that play a major role in the development towards a sustainable society. The Danish society has to deal with one of the largest and most ambitious transformation processes ever. Obviously, this endeavor is not going to succeed unless all relevant actors are contributing. IHK has a strong tradition of interaction with industry and will build on this strength when it comes to sustainability.

4.
Innovation of curricula
The study programs at IHK have a flexible semester structure. Typically, a standard semester consists of three subject courses, a semester project and a subsequent exam period, see Fig. 1. This structure offers a number of options for innovation of the study programs to contain cross-disciplinary sustainability subjects and projects, see Fig. 2:
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Fig.1: Standard semester structure at IHK

1. Some of the existing subject courses are partly substituted by sustainability subjects addressing students across study programs.

2. Semester projects addressing sustainability could are run with teams of students across study programs.
3. Introducing of sustainability elements in international semester programs or new sustainable semester programs.

4. Introducing of sustainable summer courses.

5. Introducing of programs for continuing education in sustainability.
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Fig. 2: Flexibility enables interdisciplinary activities across study programs.
Innovation of the study programs is a major organizational challenge because it involves changes of the study programs to allow for collaboration between Study Centers. Although the flexibility of semester structures is of great help at the planning level there is still a lot of coordination to be done. Also cooperation between teachers has to be established since the course content has to be delivered by teachers from different Study Centers representing different competences.
Inspiration for how to organize cooperative projects with participation of commercial companies, public authorities and users and citizens can be found in the Quadruple Helix innovation concept (QH), [10]. This seems to be particularly relevant for semester projects, see Fig. 2, but also for international semesters and summer schools. QH represents a shift towards systemic, open and user-centric innovation policy. An era of linear, top-down, expert driven development, production and services is giving way to different forms and levels of co-production with consumers, customers and citizens. This is also challenging the public authorities and the production of public services.
Special attention has to be devoted to competence development and training of the teachers involved. In many cases they have to cooperate across traditional professional boundaries and master new engineering applications in areas they are not familiar with. In case of larger projects they also have to establish cooperation and partnerships with external partners such as commercial companies, public authorities, and civil citizens. At IHK we put a lot of emphasis on developing such partnerships of a longer duration since it is much easier then to set up collaborative semester projects time after time.

In order to facilitate in-house learning sessions several new laboratory facilities must be developed and run to provide test and demonstration of sustainability principles for engineering students. Often the students are asked to participate in the development process which provides a great learning experience and secures a continuing development of the facilities every semester.
6. Examples of sustainable educational and RD&I elements

Here follow ten examples of educational and RD&I elements that are already implemented at IHK or currently under implementation.
1. Professional bachelor in sustainable energy technology. This study program was launched in September 2009 in cooperation with Aalborg University and is the first of its kind in Denmark. It provides a broad competence within the field of production, distribution and consumption of sustainable energy as well as methods to construct, control, and optimize sustainable energy systems.
2. Energy performance of buildings. Traditionally, there has been a lot of focus on reducing energy consumption in buildings. This area is regulated by the Danish building code for both new buildings and major renovations or annexes to existing buildings, [11]. Consequently, the students of civil engineering are already familiar with this specific area through existing courses and projects.
3. Household windmill. By a grant from Siemens it has been made possible to install a small household windmill on the roof of IHK. This installation is made available to students of relevant study programs with different specializations, e.g. mechanical, electrical, civil and export engineering for theoretical and practical purposes. Because of the rather complex character of a windmill as an electrical, mechanical and economic system a number of interdisciplinary exercises and projects are supported.
4. Application of bio fuel. Bio fuel will be a substantial future source of energy in the transport sector. By acquiring a number of small petrol and diesel engines the students are encouraged to study the possibilities of mixing conventional fossil fuel with bio fuel in different applications and report on the consequences in terms of energy efficiency, emission of green house gasses and economy. This example also forms the basis of exercises and projects building on such subjects as mathematics, thermodynamics, combustion techniques, climate, infrastructure, and transport economics.
5. Smart Grid. IHK is a project partner in PowerLab-DK where the electrical power system of Denmark is developed taking account of the future structural characteristics of power production and consumption. The project involves experiments on a full-scale basis on the island of Bornholm and is of a real interdisciplinary nature involving almost any conceivable engineering discipline as well as cooperation between public authorities, private companies, technical universities and consumers. Participation in PowerLab-DK is an enabler for a substantial upgrading of lab-facilities at IHK.
6. Life Cycle Analysis as an analytical tool is already part of different study programs at IHK. The focus of LCA is for example energy consumption, emission of green house gasses, quantity of waste and chemical emissions to the indoor climate. Students learn how to analyze buildings, building components and materials by using the LCA tool BEAT (Building Environmental Assisting Tool).
7. Design and production for reuse. The circular cradle-to-cradle concept is applicable in several study programs covering the entire value chain from product design and construction, production, distribution, to sales and service. Consequently there is a solid basis for interdisciplinary courses and projects bringing students from different study programs together.
8. A new sustainable elective course. A 10 ects course has been developed in a way so that it can be chosen by students at the 6th and 7th semester from all study programs. The students will develop “a sustainable mind” and will learn to work with students from other engineering specializations. Together they will be entrusted with developing sustainable solutions in project cooperation with external partners (companies, public authorities and civil organizations).
9. Bachelor projects in sustainability. To complete any study program at IHK the student has to do a bachelor project of 15-20 ects. A growing number of students choose a sustainability project which is strongly supported by IHK. Examples of topics are: Intelligent monitoring of power consumption in private households, Heat pumps and wind power, Underground heat storage. Obviously the topics are inspired by the need of developing new technologies that complements the use of wind power in case of no wind blowing. 
10. Diploma of Technology in Energy and Environment. This 60 ects continuing education study program has been reapproved by the Danish Ministry of Education by April 2011 and is now going to be launched at IHK. The purpose of the program is to educate and qualify employees working in the areas of health, safety, energy and environment in companies, hospitals, and technical administrations.
6.
Conclusion and perspectives
The implementation of a strategy for sustainability at IHK is in progress in alignment with the Energy Strategy 2050 of the Danish Government and other initiatives. A number of actions have been taken and ten examples have been described in this article. In practice, sustainability as an engineering field of activity is of a cross-disciplinary character and requires cooperation across traditional professional divides. Therefore one of the important prerequisites for a successful implementation at IHK with a long term impact on society will be the ability to create and work in internal as well as external networks.

In the longer perspective it is expected that another strategic initiative at IHK within the area of innovation will contribute to the overall success of executing the sustainability strategy of IHK. It seems that innovative work methods will act as useful approaches to facilitation of sustainable results.
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