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1. Introduction 
The University of Twente committed herself to reduce the energy consumption by 30% between 2005 

and 2020 (UT, 2010a; UT, 2010b). She is aware of her social responsibility and wants to be 

characterized as a sustainable, entrepreneurial and innovative university, where social and 

technological research and education complement each other. According to long term agreements 

(MJA3) with the national government, the University of Twente has multiple obligations in order to 

achieve a 20% energy reduction within her facilities and 10% outside her facilities in the chain of 

energy provision and transport  (MJA3, 2009). Energy is also one of the main themes in the Centres of 

Competence and Excellence of the 3TU; the federation in which all three technical universities of the 

Netherlands participate (3TU, 2010). Energy will also become one of the four themes of the proposed 

3TU Centre for the Built Environment. 

In international perspective reducing energy use and making use of renewable sources receives a lot 

of attention. The European Directive on the Energy Performance of Buildings (EPBD) demands energy 

performance certificates for existing (public) buildings and requests to renovate them in such a way 

that the energy use will be reduced (EC, 2002; AgentschapNL, 2010). University buildings are 

important assets where large energy savings can be made. University buildings are interesting objects 

for several purposes: 

1. Little is known about the energy consumption and ecological footprint of buildings offering space 

to very differ functions (e.g. Davis and Nutter, 2010; Scheuer et al, 2003); 

2. They form attractive play grounds for researchers and students to implement and monitor new 

innovative technologies (e.g. Praditsmanont and Chungpaibulpatana, 2008), and;  

3. The campus combines research, educational, living and recreational space which offer the 

possibilities to study multiple aspects of social behaviour in relation to the built environment (e.g. 

Alshuwaikhat and Abubakar, 2008). 

Despite the University of Twente has been applying many new technologies, the dissemination of 

knowledge to an international audience seems to be limited. This was for example the case when the 

cool circle at the Horst was introduced. However, a Dutch network of energy coordinators at 

universities exists to exchange knowledge and experience in reaching the energy targets and offering 

comfortable work places. The energy coordinators exchange their experiences and are able to gain 

information within this network, but their knowledge and experience could be spread more widely. 

Simultaneously, the European Consortium of Innovative Universities (ECIU) embraces the subject of 

developing a sustainable campus one of its focal points. International collaborative workshops are 

organised to reduce the environmental impact of joint universities (ECIU, 2010).  

These developments and the knowledge and experience available within the department of 

Construction Management and Engineering inspired us to propose a research program that will help 

to analyse the energy use of buildings at the campus, to design specific measures to reduce the (fossil) 

energy use, and to create a knowledge centre on sustainable education and research facilities. Based 

on the MJA3, most of the Dutch education and research facilities need to reduce their energy use. 

Subsequently, based on the EPBD, the expectation is that many European facilities need to reduce 

their energy use as well. By conducting research and setting up the knowledge centre, Building 

Twenergy aims at giving the University of Twente a unique position regarding the knowledge on and 

management of energy use in educational and research facilities.  
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2. Problem statement and research goal 
At the University of Twente the energy coordinator is entrusted with specifying the real time energy 

use of buildings. This data can be used to locate malfunctions within the mechanical systems of the 

buildings and to get insights in the energy use of buildings during different seasons. The next step 

would be to use this data for further research. The following problem is namely stated:  

How can the energy use of buildings at a university be reduced by using the primary processes, 

research and education, without lowering the standards of a comfortable indoor climate? 

In this research two specific goals are defined: 

To gain insight in the energy performance of buildings at the campus of the University of Twente with 

specific recommendations which energy measures can be taken per building to achieve a reduction in 

energy use of 30% and to develop an international knowledge centre for energy issues in buildings for 

educational and research activities. 

When performing this research the gained knowledge and experience offer the possibility to start an 

international institute for educational and research facility management. Other universities, institutes 

(but maybe even high schools and primary schools) could benefit from the knowledge we expect to 

gain by analysing the buildings on our campus. Tailored-made solutions could then be developed and 

dissemination can take place to multiple stakeholders. By having this knowledge centre at our campus 

the image that sustainability is an important issue in educational and research facilities, specifically 

within the University of Twente, can be boosted.  

3. Research questions 
The research can be set out in the following research questions: 

1. What is the theoretical energy performance of the buildings at the campus? 

Building assessments offer the possibility to specify an 

energy index per building. This energy index is accompanied 

by a theoretical building related annual energy use, as can 

be seen in Figure 1. Components in this annual energy use 

are for example heating, ventilation and cooling. When all 

characteristics of the buildings are assessed, it will be 

possible to compute the theoretical energy use. European 

regulations make it necessary that buildings at the campus 

have an energy certificate since 2009. 

2. What is the actual energy use and performance of the 

buildings at the campus?  

Energy meters per building give insights in the actual energy 

use of the object. Although it might be expected that a large 

part of the actual energy use is related with the 

characteristics of a building, it is generally known that user 

behaviour and energy using appliances are two important 

additional variables that can explain a certain energy use. 

This second research question aims for a further inventory Figure 1: Example of an energy label 

certificate. 
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of the equipment in the buildings and a better understanding of the behaviour of its users. It will be 

necessary to monitor how and how long employees, students and guests make use of the buildings 

and which equipment uses how much energy. 

3. How can differences between theoretical and actual energy use be explained?  

Most likely, the actual energy use of the buildings will not correspond with the theoretical energy use 

specified in the energy labels. The usage of a building by employees and the appliances in a building 

are two variables to explain differences, when the theoretical energy use and actual energy use are 

compared. Furthermore, the actual functioning of climate systems often seems to differ from the 

foreseen functioning, in other words the actual energy use by systems can be much higher or lower 

than expected. These differences will provide us insights in how much energy use in which energy 

component (for example heating, cooling, ventilation, or user behaviour) can potentially be reduced. 

4. Which energy measures can be taken to reduce the theoretical and actual energy consumption?  

Many measures exist or are being developed to reduce the energy use of buildings, appliances and 

their users. After analysing the theoretical and actual energy use per building, measures per building 

and for multiple components of the energy use can be suggested to reduce the energy use. A 

challenging perspective is to use energy in form of cascading processes. High temperature heat with 

a high exergy content can for example first be used to produce electric energy and for absorption 

cooling in certain research facilities, before it degrades to low temperature heat with a low exergy 

content for heating residential or office buildings.  

5. How can educational and research activities be used in conducting research and achieving a lower 

energy use of the buildings at the campus of the University of Twente?  

An inventory needs to be made of educational and research activities and their initiators related to 

the energy use of the campus. This inventory enables facility management to select whose expertise 

can be used when and where. Detailed information of the buildings, collected for answering the other 

research questions, can be used to look for possibilities to directly apply some new techniques 

developed by researchers and students.  Furthermore, involvement of staff and students by means of 

implementing their ideas and techniques and by using the buildings in educational activities will help 

in improving social responsibility towards the (energy) use of these buildings. 

4. Duration 
To develop an international knowledge centre for sustainable education and research facilities a time 

period of five years is estimated to be necessary to make headway. In this time period (governmental) 

organisations entrusted with facilities for education and research can become aware of the existence 

of the knowledge centre. Their need for a reduced energy use from a cost point of view as well as an 

environmental point of view, will result in a high market potential to gain income and to finance future 

research projects. Providing that, the University of Twente has gained and disseminated enough 

knowledge to have a widespread reputation in this matter.        

Based on the research questions, the research to gain enough knowledge will take approximately two 

years. The research questions form by their sequence a road map in these two years. One full year is 

needed to collect data and set up a database of the individual buildings on their energy and water use 

during all seasons. This database can be used as benchmark for future studies inside the University of 

Twente, but also for research requests from multiple organisations outside the university. 
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5. Embedding the research 
The research needs to be conducted in close corporation with the Facility Service Centre and more 

specific with the energy coordinator. Building information in the form of usage data, construction 

drawings, and systems specifications need to be available to the researcher. The researchers will be 

members of IMPACT. IMPACT focuses on energy in general and energy savings in buildings is an 

important focal point. From an academic point of view it is suggested that the researcher makes part 

of the department of Construction Management and Engineering. This department within the faculty 

of Engineering Technology is already for many years conducting research and offering education in 

the field of sustainable building and more explicitly the use of energy in the built environment. Current 

fields of research within the department of Construction Management and Engineering encompass 

among others: 

 Adoption processes of energy measures in the built environment (e.g. Entrop and Dewulf, 2010); 

 Building appraisal and the relations between theoretical Energy Performance Indicators and 

actual energy use of buildings (e.g. Entrop et al, 2010); 

 The benefits and costs of energy measures in the built environment (e.g. Entrop and Brouwers, 

2007); 

 Possibilities to apply innovative energy techniques, like Phase Change Materials for example (e.g. 

Hunger et al, 2009), in the built environment. 

The educational activities include among others: 

 Environmental Aspects of Civil Engineering: bachelor subject on how to reduce the environmental 

impact of a building with regards to material usage, energy use, and water use by using an 

Environmental Assessment Tool named GreenCalc+1; 

 Sustainable Building: master subject to teach students the components and process to come to 

sustainable buildings; 

 Multiple bachelor and master theses have been completed regarding the energy use of buildings 

and sustainable building in general. 

In the masters of civil engineering and management, construction management and engineering, 

architectural building components design engineering, and sustainable energy technology the subject 

“sustainable building” is a very popular track. Twenergy can strengthen this master track. 

6. Costs and benefits 
To conduct the research and to set up the knowledge centre financial investments are needed. The 

costs precede the benefits, therefore a fund of € 233,000.- is necessary for the first two years (see 

Table 1). After these two years it is proposed that an evaluation will take place to reflect on the 

generated intellectual properties in order to expect enough income for the knowledge centre to be 

self sufficient in the future years.  

The investment in the proposed research and knowledge centre will result in a cost reduction of the 

energy performance certification process. All buildings need to be assessed to comply with the 

                                                           
1 Internationally LEED and BREEAM are well known tools to reflect on the environmental impact of buildings. 
At this moment GreenCalc+, with its well established quantitative approach based on Life Cycle Analysis, is 
being redeveloped to enable worldwide use. LEED and BREEAM have a rather qualitative approach.  
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European Energy Performance Building Directive. The cost reduction in acquiring the proper Energy 

Performance Certificates for all buildings is estimated to be € 40,000.-.  

The remaining costs of € 193,000.- are expected to have their returns within the reduced energy costs 

of the University of Twente. Even if the energy costs of the main nine buildings (offering approximately 

110.000 m2) of € 2,190,000.- per year can at the end of the project be reduced by ten per cent, the 

returns will already be € 219,000.-per year. A recently conducted Energy Scan, focusing on climate 

systems of nine utility buildings at the campus, already suggested energy cost savings of approximately 

€ 173,000.- per year (Kristelijn, 2010).    

Tabel 1: Estimated costs of the research project Building Twenergy 

Cost elements Costs for two years 

Integral costs assistant professor  € 189,000,- 

Supervision costs € 24,000,- 

Public relations € 12,000,- 

Travel costs (national and international) € 6,000,- 

Software licenses energy performance buildings € 2,000,- 

Total investment costs: € 233,000,- 

 

Benefits -that are harder to translate in amounts of Euros- are image building, journal publications, 

conference publications and contributions to educational activities. Summarizing, Building Twenergy 

encompasses research generating direct income by reducing labelling and energy costs. After the 

research is conducted, the developed knowledge centre is expected to support itself. 
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