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Abstract 

Are the goals set by the European Union for 2020, or the recent Conference of Parties (COP21) in 

Paris, for new buildings or renovation of old buildings enough to tackle the built environment’s 

impact on climate change? In order to reach an energy neutral built environment, new and 

renovated buildings could produce more energy than they consume to compensate for existing 

buildings for which there are no renovation plans. Such an approach should produce high margins for 

built environment enterprises, either with the energy service company (ESCO) approach, or by higher 

selling prices, due to the reduced life cycle costs of their buildings. The energy transition towards 

sustainability could be achieved faster. Society would also benefit by actively participating in 

transition towards sustainability, by enabling energy-efficient houses to reach positive energy 

margins by adapting their energy consuming behaviour.  

But how can built environment enterprises design and build surplus energy buildings? Which new 

technologies would fit and provide added value to building development projects? Would the design 

for surplus energy built environments at community level be more socially and financially attractive? 

To answer these questions, in this study a strategy towards the design of a surplus energy built 

environment has been developed by using the communities of Heijmans ONE residences as a case 

study. In addition, the design results of this applied research have been utilized for the development 

of business plans for commercial exploitation by Heijmans N.V. 
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Project summary report 

Background information 
This project is the company assignment for the traineeship in Smart Energy Buildings & Cities PDEng 

program at the Eindhoven University of Technology. It was formed by the collaboration between 

Heijmans N.V. and Eindhoven University of Technology, as part of the project ‘TECH-4-U: Transition in 

Energy, Climate & Health for Urban Areas’. 

Strategic Heijmans N.V. goals 
One of the largest global challenges of our time is the transition in energy, climate, and health for 

urban areas towards sustainability. The European Union (EU) has set the “20-20-20” targets for 2020, 

which involve reduction of EU greenhouse gas emissions by 20% from 1990 levels, raising the share 

of EU energy consumption produced from renewable resources to 20%, and improvement in the EU’s 

energy efficiency by 20% [1]. For new buildings, the EU Energy Performance of Buildings Directive 

requires all new buildings to be nearly zero-energy by the end of 2020 [2] [3]. 

The construction industry needs to effectively fill the gaps in current construction processes, in order 

to adjust to the new directives and, at the same time, provide a healthy and comfortable living 

environment to building users. In fact, organizations that seek this transition will probably acquire a 

leading role in the future of cities and their development. Technology and technological 

development can be a great ally to the built environment enterprises with a vital role in shaping the 

contours of tomorrow. In order to establish the best possible approach towards this transition, the 

adequate solutions for energy sustainability, health, and climate change need to be addressed. 

Heijmans N.V. is a built environment organization willing to address this transition in energy, climate 

and health in urban areas. For this reason, it has set a strategic goal: “To lead with respect to added 

value, knowledge, and technology, in order to be recognized as the company that permanently 

shapes the contours of tomorrow, by making a difference in the environment and, thus, achieving 

considerable margins” [4]. After all, listed companies that integrate sustainability into their business 

become more stable and achieve higher returns. 

The Tech 4U Heijmans N.V.-TU/e collaboration 
In order to meet its strategic goal, Heijmans N.V. has established multiple collaborations with 

industrial and knowledge institutions. These projects aim to cover the integration, implementation, 

operation and maintenance of materials, mobility, social aspects, design & experience, energy, 

business case, use of space, and wellbeing.  

One of these collaboration projects is with the Eindhoven University of Technology and specifically, 

the department of the Built Environment. In this project, university researchers and Heijmans N.V. 

have formed a team in order to link industry with research for the potential application of research 

outcomes in built environment projects. This team consists of two TU/e Professors: Bert Blocken 

(Urban Physics) and Pieter van Wesemael (Urban Planning), two PhD candidates: Raffaele Vasaturo 

and Samy Iousef, a PDEng trainee as project manager: Argyrios Papadopoulos, and the Heijmans 

Technology Business Development Manager as project leader, Dick Timmermans. 
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The scope of this project was to conduct innovative research and link research with the industry and 

develop a business plan for potential application of its outcomes. The PhD candidates focus on 

energy and outdoor climate, while the PDEng trainee on the broad perspective of developing a 

strategy for the integration, implementation, operation and maintenance of new technologies and 

practises in the design of the built environment. 

The ‘Smart’ Heijmans ONE project 
In the early stages of this collaboration it was decided that an actual Heijmans built environment 

project would be chosen as a case study for the PDEng trainee to perform applied research. The best 

option for this case study was considered to be the Heijmans ONE residence, shown in Figure 1. The 

Heijmans ONE residence is a new living concept developed by Heijmans, and is aimed at young 

professionals who earn too much for social housing and too little for the free rental sector. It is a 

small prefabricated, mountable, temporary residence that aims to combine two issues: 

1. Shortage of good temporary rental houses. 

2. Utilization of empty areas [5]. 

 

Figure 1: Visualization of the interior of the Heijmans ONE residence 

The choice of Heijmans ONE as a case study was made for several reasons: 

1. It is a housing typology that is not standardized, in contrast to the most common Dutch 

housing typologies. This allows plenty of space for optimization in its design and systems. 

2. Due to its prefabricated production process, installation of different systems and 

components are flexible, which allows space for experimentation. 

3.  Heijmans saw a growth in the market of temporary housing and also a growth in the 

demand for “smart” buildings. For this reason, they decided to promote Heijmans ONE as a 

quality response to both trending market demands. 
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4. The PDEng study was well-suited to the goals of the initial designers, who wanted the 

residence to be completely self-sufficient and off-grid with regard to energy, but could not 

realize this for the first Heijmans ONE prototypes. 

Project scope 

Goals and objectives 
Two of the main goals of this assignment were to develop a list of technologies that can be 

implemented in the built environment, and a strategy to pave the way towards the company’s 

(Heijmans N.V.) goal to design and potentially construct a zero energy, or even surplus energy 

(positive energy balance), urban environment by 2020. For the application of the design strategy and 

to research the application of innovative technologies in the built environment, a case study was 

introduced in order to match the Heijmans ONE housing concept with a creative process towards 

transition from resource depletion to sustainability. 

Another main goal was to develop a business plan for the commercialization of the results of the 

applied research. In order to achieve this, the idea of a living lab based on the Heijmans ONE 

residence where innovative technologies would be tested was developed. Ideally, these technologies 

would modularly attach to a building in a similar way to the flexible mobile concept of ‘Phonebloks’ 

[6]. From this concept, the idea of the “Autarchy Hub” evolved, which lead to the design of a 

centralized energy service business plan. 

In order to complete this project, the following milestones were initially set: 

 A morphological overview of available or potentially available materials and technologies for 
implementation in the urban environment for district, building, and user level. 

 An assessment of materials and technology; if possible based on investment, operational and 
maintenance costs. 

 A technology selection strategy for optimization of the design of buildings based on typology, 
functionality and feasibility. 

 A business plan for the development of a living lab for the Heijmans ONE community. 
 
These milestones were successfully completed and this has allowed further development of the 
project’s aim and the application of the formulated design strategy in various design cases. 

Field study 
During the period of this project, the first two Heijmans ONE residences were constructed and placed 
at Zeeburgereiland, Amsterdam. In one of these residences, different people would stay over a 
period of a few months, while the other was used for showcasing purposes. Then, following the 
development of the living lab idea, it was decided to install energy consumption monitoring 
equipment in one of the two residences. 
 
The installation of this equipment allowed us to measure the energy consumption patterns of the 
different Heijmans ONE most energy-consuming appliances. In addition, the indoor temperature and 
humidity conditions were monitored in order to evaluate the thermal comfort conditions in the 
residence. 
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The results were used not only to understand how much energy the users of the residences 
consumed, but also when and why. This gave a deeper insight in the energy consumption behaviour 
of the users, which is important data in the development of smart grids. The raw data are used by 
data science students in another Heijmans project. 
 
Finally, the measurements were used to validate a building performance simulation model of the 
Heijmans ONE residence, developed by an MSc graduate in Building Services & Physics at TU/e, in 
order to assess the performance of the design tools and to optimize the Heijmans ONE design. 

Deliverables 
The deliverables of this project are the following three: 

1. A project summary report, including an explanation of the results of the project and the 

reports from master students that were envolved in this project. 

2. A software tool for early stage building design decisions. 

3. An Excel file including the steps of the design strategy, the database of sustainable building 

environment solutions, and the different design cases that were developed. 

Summary of results 
The project started in the 1st year of the SEBC traineeship. The results of the 1st year are: 

1. A business plan for the development of a living lab for the Heijmans ONE community. 

2. A business law report for a company producing a neighbourhood-level centralized Combined 

Heat and Power plant. 

3. A Master project 1 report of a student in Building Services and Physics at TU/e. 

4. A project report for the Master course ‘Technology & Sustainability’ by 4 TU/e students. 

 
The results from the 2nd year are: 

5. A technology selection strategy for optimization of the design of buildings based on typology, 

functionality, and realization criteria of technologies. 

6. A morphological overview of available or potentially available materials and technologies for 

implementation in the urban environment for district, building, and user level. 

7. An assessment of the determined technologies and practises, based on multiple criteria. 

8. Calibration of a software tool for early stage Net Zero Energy building design decisions. 

9. The development of the design basics, requirements, criteria, and design optimization for the 

Heijmans ONE residence, producing 2 scenarios. 

10. A project plan for the potential development of the Smart Off-Grid Heijmans ONE residence 

and a 3D visualization video of the proposed concept. 

11. A proposal for the renovation of social housing residences using the calibrated software tool 

and database, and an assessment of the proposed design scenarios. 

12. A proposal for the renovation of the RM3 Heijmans office building complex using the 

developed database, and an assessment of the proposed design scenarios. 

13. A business plan for the development of an energy service company (Autarchy Hub). 

14. Participation in the national finals of the Climate KIC Launchpad NL competition with the 

‘Autarchy Hub’ idea for neighbourhood-level (centralized) energy service. 
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15. A detailed financial model for the afore-mentioned business plan. 

16. Installation and measurement of plug load electricity meters and sensors in an existing 

Heijmans ONE residence in Amsterdam. 

17. A Master project 2 report of a student in Building Services and Physics at TU/e. 

18. A detailed component sizing and pricing of an off-grid energy system for the Heijmans ONE 

and connection of Heijmans Technology with two companies to realize the project plan. 

19. Initiation of a graduation project at TU/e, with students of Sustainable Energy Technology 

Master program, on user behaviour and guidelines for the Smart Off-grid Heijmans ONE on 

how to optimize its energy efficiency. 

20. Initiation of a graduation project at TU/e, with a student of Building Services & Physics, on 

centralized heating & cooling for the Heijmans ONE neighbourhood clusters. 

Discussion 
The project’s results cover a broad range of outcomes from technical to commercial, aiming to 

deliver results towards the goal of the project to link industry with research for the potential 

application of research outcomes in built environment projects.  

During this project, a detailed design approach for the optimization of buildings on different focus 

levels was formed. The main advantage of the developed strategy and its tools is the applicability and 

flexibility it provides for quickly developing informed early stage design proposals, without 

compromising the energy performance goals. This is considered important, since building designers 

and owners are increasingly looking for engineering consultants who can provide good early 

feedback on system options, sizing, energy use, and energy cost [7]. The proposed design strategy 

allows quick design optimization in the first steps of the design. Therefore, it reduces the time and 

resources required for the development of detailed designs. This was proven during the provisional 

application of the developed tools for various design proposals of Heijmans projects.  

Except of the developed design strategy, two business opportunities were identified and for their 

commercial exploitations, two business plans were elaborated; the living lab and the ‘Autarchy Hub’. 

The business plan regarding the potential development of a living lab based on the Heijmans ONE 

communities has proven to be an interesting business case and Heijmans is exploring the possibilities 

of its deployment. The idea was inspired by the visit to the ‘Low3 Living Lab’ of UPC in Barcelona [8]. 

Its application will lead to the development of a platform for validation of innovative technologies, 

systems, materials, and products developed by small and medium enterprises. This will enable 

Heijmans to get hands-on experience with new technological developments applicable in the built 

environment and, at the same time, will create a new distribution channel for the Heijmans ONE 

residences. 

The second business plan developed for the ‘Autarchy Hub’ was developed in order to explore the 

possibility of Heijmans developing a spin-off energy service and product company to provide heating, 

cooling, and electricity to residents of neighbourhoods and a feasible financing method for these 

centralized technologies for housing associations. The developed business idea has been elaborated 

via the participation in the Climate KIC Launchpad NL 2015 competition, in which it reached the 

national finals. 
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Finally, the project has led to the connection of new technologies with Heijmans N.V. This could form 

the basis of future collaboration and introduction of innovations to the built environment with the 

potential to improve its social, economic, aesthetical and environmental aspects. 

Limitations  
In the middle of 2014, the project’s leadership shifted department from Heijmans Woningbouw to 

Heijmans Technology. However, the Heijmans ONE development that was chosen as the case study 

for this research is managed by Heijmans Woningbouw. Therefore, direct influence on the applicable 

technologies and design during 2015 was limited by not making significant changes to the current 

Heijmans ONE design, while the design of the installations was assigned to an external consultancy. 

In addition, direct access to information regarding the development phases and new design concepts 

of the second version of the Heijmans ONE was also limited. 

Therefore, it was decided to focus on designing the “Smart” off-grid, Heijmans ONE version. 

Furthermore, the limitations set by Heijmans Woningbouw have led to the ideation of the “Autarchy 

Hub” plug’n’play energy box, that would provide energy externally, without influencing significantly 

the design of the residence. 

The afore-mentioned reason has also limited the amount of time we had available for taking real life 

measurements in the Heijmans ONE prototype placed in Amsterdam by the end of 2014.  

Conclusion 
To conclude, the project has met its set goals and developed a significant number of deliverables. 

The collaboration between Heijmans and TU/e in this project is a step towards the development of 

energy-efficient and energy-producing Heijmans ONE residences. In addition, the developed tools 

were applied to more case studies. The results of this project have the potential to be applied in 

current and future built environment projects of Heijmans and provide enough flexibility for further 

development and improvement in the future. 
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