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Executive Summary 
 

Considering the current global urgency to design better buildings, for its users and for the environment, 

and the opportunities provided by Building Performance Simulation (BPS), the ultimate goal of this 

project is to reduce the barriers towards valuable and profitable use of BPS in the Building Consulting 

branch of Arup Amsterdam. As a PDEng trainee in Smart Buildings and Cities, I benefit from access to 

the knowledge of the Computational Building Performance Simulation research group at TU/e and from 

the opportunity to experience working daily with engineers at Arup Amsterdam.  

Arup is considered one of the most forward-thinking firms in the field of computational building design. 

Arup has been consulting engineers for many iconic projects with exemplary use of simulation, but they 

also do more mainstream projects that use little or no simulation. The Building Services team in Arup 

Amsterdam is eager to find out if they are missing any opportunities to bring the best designs to their 

various clients.  

The starting hypothesis was that Building Performance Simulation could be a means to improving the 

design proposed to clients, but the potential of BPS was hindered by different factors emerging from 

current practice. Within the company, the right boundary conditions (e.g., people, software, design 

process, library of tools, licenses, knowledge management and exchange) are not necessarily present or 

efficiently used. Similarly, new approaches developed by the BPS research community do not 

necessarily correspond to the needs and ways of working in the practice of building design and planning.  

As a PDEng trainee who, by definition, has a foot in both the academic and the industrial world, my role 

was to develop a tool to help spreading the use of BPS that fits Arup Amsterdam’s purposes by using a 

design-thinking approach that empathizes with the user.  This included: 

• Discovering how things work: 

o What are the real needs of engineers when considering using BPS? 

o What is the ecosystem of building design and its influence on the use of BPS in the 

engineer’s practice? 

o What are the current possibilities and limitations of BPS? 

 

• Defining which issue can be tackled within this PDEng project, whether it is:  

o Overcoming a barrier, 

o Fostering a better ecosystem, 

o Following a promising opportunity. 

 

• Developing, with the user’s input, a tool to solve the defined issue. 

 

• Delivering a product that can effectively have a positive impact on the way Arup’s engineers 

make use of BPS.  

 

The DISCOVER phase revealed that although the global recognition of climate change and the 

advancement in BPS capabilities provide a friendly environment to foster the use of BPS, the current 

adoption of BPS for more building projects is mainly pushed by certain green building certification 

schemes and is mainly hindered by social aspects. From a more practical perspective, the main barriers 

to the use of BPS can be grouped in: Lack of time or money, lack of incentives, lack of trust in BPS 

results, ill-defined roles and responsibilities, process related inefficiencies and lack of knowledgeable 

engineers in the BPS software. 
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The DEFINE phase concluded that this PDEng should focus on the development of cards showcasing 

the value of BPS to let more people recognize it and create an awareness that might overcome the need 

for more formal incentives.  

The DEVELOP phase was the stage of three iteration loops where mock-ups were created and presented 

to initiate feedback sessions with the users and other relevant stakeholders. Based on these feedback, 

further research was carried out in order to gather new ideas and improve the next mock-up. This phase 

resulted in the firstly envisioned cards evolving to a digital platform. This platform gathers the 

experience of BPS users and makes it easily visible and informative to project managers. During the 

several iteration loops, it was identified that the final product should:  

• Be inspirational and pleasant to use 

• Present various paths of exploration  

• Provide condensed and meaningful information 

• Help in assessing value and cost of BPS  

• Give an overview of the possible tools for a specific task 

• Connect with existing platforms and resources 

• Facilitate sharing new tools and analysis 

• Have a feasible content management mechanism  

 

The DELIVER phase was used to refine the final product using personas, user journey and wire framing. 

These methods allowed to present what the digital platform should do and what it could look like with 

respectively a blueprint aimed at a software developer and a mock-up to show to decision makers in 

Arup. Essentially, the platform allows project managers to explore and discover the various simulations 

and analysis at their disposal. Additionally it allows them to compare the different tools to perform a 

simulation and to get an overview of how this tool is used in the firm (e.g. By whom? For which projects 

and which clients?).  This platform is therefore a great tool to help project manager adding value to their 

projects with BPS while making a realistic plan that correspond to the resource allocated to the project 

qua time, budget, clients ambitions, engineers’ skills and available tools.  
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1. Introduction 
“Buildings don’t perform; the people who design, build, and use them do. Building “performance”, 

then, is merely a reflection of designer, builder and user performance. The question is, how do these 

people perform together?” - R.D. Rush, The Building Systems Integration Handbook (1986) 

1.1. Background 

1.1.1. Making better buildings 
Buildings are responsible for 40% of energy consumption and 36% of CO2 emissions in the European 

Union [1]. During the 21st Conference of the Parties (COP 21) in 2015 in Paris, 196 parties agreed about 

the need to limit global warming to well below 2°C above pre-industrial levels by reducing CO2 

emissions. Additionally, people spend on average 90% of their times indoors and the effects of 

building’s indoor climate quality on the health and well-being of its occupants are being recognized [2]. 

Arup is dedicated to “shape a better world” by making better (more energy-efficient, more comfortable, 

more sustainable) buildings. As the expectations towards buildings’ performances in terms of 

environmental impact, energy efficiency, and indoor climate increase, the design solutions become more 

demanding in terms of quality and is expected to be delivered as predicted. Therefore, Arup Amsterdam 

is interested in making the best possible use of valuable and profitable tools to design better buildings.   

1.1.2. Building Performance Simulation and its potential 
Performing a simulation implies the creation of a (computer) model to represent a real-world situation 

or process in order to answer questions about it. The model represents the system itself while the 

simulation represents the operation of the system over time. In Building Performance Simulation the 

system is a building or part of it. Many physical phenomena and interactions occur in a building making 

it a dynamic system as illustrated in Figure 1 (e.g., the spatial construction is exposed to external climate 

conditions which influence the occupants of the space). 

 

Figure 1, interactions in a building as a system, redrawn  from [3]. 

Building simulation was recognized as a research discipline as early as the late 1970s and has now 

matured into a field that offers a wide range of capabilities to answer design questions about building 

performances [4]. Compared to traditional design tools, Building Performance Simulation tools are 

multi-disciplinary, problem-oriented, dynamic and are looking at all year conditions on a wide scope.  
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A building performs according to its interactions with other objects in the system in terms of energy 

consumption (e.g., heating, cooling, lighting, appliances) but also energy production, indoor comfort 

(e.g., daylight, air quality, thermal comfort, visual comfort, acoustic comfort) and environmental impact 

(e.g., embodied and operational energy use, material use).  

Being able to simulate how a building will perform, allows the design team to make decisions informed 

by the predicted performance of a certain solution by evaluating, comparing or even generating different 

design solutions. Therefore Building Performance Simulation is often presented as either a tool to ensure 

code compliances or as a design tool for decision making [5] but it could also be used to explore new 

ideas. BPS is a way to predict before making decisions rather than measure once things are in place. It 

allows ensuring compliance with building codes, regulations or environmental certification schemes but 

also to explore new ideas and push the possibilities of the building. Thanks to the great number of 

designs that can be simulated it allows not only to analyze a specific design solution but also to simulate 

and synthesize the performance of several design variations. Furthermore, it offers a view of the 

influence of various physical domains on each other (e.g., increasing window sizes for daylight levels 

will influence heating gains and losses). 

Some studies already revealed that using Building Performance Simulation (BPS) increases the chances 

of creating lower energy consuming buildings [6]. Other studies also show that using BPS can result in 

a very short return on investment (ROI) for the client [7] and allows for more creativity by the building 

services engineer [8].  However, it seems that the potential of BPS, as well as associated methodologies 

to support making informed building design decisions, is not fully utilized in practice [9][10]. 

Furthermore, there seems to be a gap between the needs of building designers and engineers and the 

solutions for better use of simulation provided by the outcomes of academic research projects [11]. This 

can have three main effects: 

▪ Buildings do not perform in an optimal1 manner: CO2 emissions are too high, indoor environment 

is not as good as it could be, or, the building is too expensive to build or maintain. In short, many 

buildings do not meet expectations or design intent and/or do not bring enough value for money 

in terms of Planet, People, Profit. 

▪ Innovative solutions, which are needed to meet future sustainability targets in the built 

environment, are replaced with conservative and/or risk-averse designs that do not require BPS. 

▪ The design process is not as efficient as it could be. 

1.1.3. From potential to adoption 

Although the potential of BPS is widely recognized, its adoption in practice is not evident for all [12] 

and it seems that only a few projects present the right conditions that allow the design team to use BPS. 

Also, increased use of simulation is not a goal in itself – it can only work if the added value is recognized 

as significant, and when it conforms with existing design practices.  

Although Arup is one of the most forward-thinking firms in the field and has been consulting engineers 

for many iconic projects with exemplary use of simulation, they also advise on more mainstream projects 

that use little or no simulation. Assuming that all projects currently using simulation are also the projects 

were the most added value is brought by the consultancy services of Arup, see Figure 2a, the hypothesis 

is that applying BPS to more projects should increase the number of projects with high added value, 

Figure 2b. 

                                                      
1 The performance is lower than what would have been theoretically possible, taking into account the available resources, 

constraints, expectations and program of requirements. 



13 

 

 

Figure 2a, Intuition that projects using simulation correspond to projects with a higher level of added value. 

 

Figure 2b, Using simulation for more projects could generate more projects with high level of added value. 

As every project is different in terms of budget, team composition, expertise of team members, ambition 

level, timeline, architectural vision, tasks and responsibilities of each partner, a big part of the PDEng 

project is to understand which conditions are necessary for the successful use of BPS.  

Also, the BPS research community (whether academics, software developers or practitioners) has 

already developed many solutions that could enable more effective use of building simulation in various 

phases of the design process. Recent developments include parametric design tools, robustness analyses, 

Uncertainty Analysis/Sensitivity Analysis (UA/SA), multi-objective optimization, early-phase design 

tools, BIM, generative design tools, results’ visualization, virtual reality, CAD integration, cloud 

computing, etc. However, there are no certainties that these “solutions” are actually used in practice due 

to the following possible reasons:  

▪ There is a mismatch between the developed solution to a “perceived need” from the researcher 

and the actual needs of the engineers in practice. 

▪ The simulation workflow does not fit the design workflow and its constraints in time, money, risk 

and responsibility. 

▪ The design process is not efficient enough to take advantage of BPS capacities 
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▪ The consultant is not aware that the tools exist (e.g., due to lack of information, training time, 

willingness to invest in an innovative approach.) 

▪ The consultant does not see/understand the added value brought by the tools in either:   

- Making the design process more time and cost efficient 

- Creating an added value, a service, a product or a design solution that would (likely) not have 

been generated without. 

 

1.2. Project objectives 

The ultimate goal of this project is to reduce the barriers to valuable and profitable use of Building 

Performance Simulation in building consultancy for Arup Amsterdam. The starting hypothesis is that 

performing BPS for more projects could be an efficient means to create better buildings but the potential 

of BPS may be hindered by different factors emerging from current practice:  Within the company the 

right boundary conditions (e.g., people, software, design process, library of tools, licenses, knowledge 

management and exchange) are not necessarily present or efficiently used. Similarly, new approaches 

developed by the BPS research community are not necessarily corresponding to the needs and ways of 

working in the building design and planning practice.  

The goal of this PDEng project is to propose a concrete solution for Arup to remedy this situation by 

designing a tangible artifact. This artifact or tool should contribute to the diffusion of Building 

Performance Simulation in Arup Amsterdam’s ways of working.  

1.3. Methodology 

To design this tool, this PDEng project follows a design thinking approach as illustrated in Figure 3. 

More specifically it follows the divergent-convergent method which aims at first understanding the 

problem in all its aspects (divergent) to be able to precisely define the area of intervention of the solution 

(convergent), this then allows to generate many on-point ideations (divergent) to finally select and refine 

the best solution (convergent).  
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Figure 3, Design thinking approach, double diamond. Adapted from [13] 
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The DISCOVER phase aimed at the better understanding of the current situation and the root of the 

identified problem: How do things work? Why do they work in a certain way? What are the barriers to 

overcome and opportunities to seize? The method is not only to ask but to observe how things actually 

work, to empathize with the users to understand why they do things in a certain way and see the full 

story behind each use or lack of use of BPS. This phase is divergent as it looks broadly at the nature of 

the problem.  

By working in the Arup office the trainee could experience and witness the workflow and decisions 

engineers have to make on a daily basis. These observations were completed with iterative interviews 

of Arup employees and analysis of recent or current projects. Outside of Arup, literature reviews and 

attendance of conferences and presence in global forum discussions allowed the trainee to gather what 

is already known and monitor new developments in the field.  

 

The DEFINE phase aimed at reframing the problem to solve. This was done by asking the same question 

but from a different perspective or at a different scale in order to identify the potential areas of 

intervention. The goal was to converge towards a clear problem that the product can have a significant 

and positive impact on. Mind mapping and Multilevel Perspective (MLP) analysis were used to find a 

coherent way to synthesize the results of the DISCOVER phase, and decision-making tools were used 

to select the product to further develop.  

 

Once the focus had been redefined, the DEVELOP phase is divergent in order to explore the possible 

forms of the product to best answer the identified problem. Various ideations were made by following 

an iteration loop where a mock-up, inspired by commendable examples, was developed and presented 

to relevant users or experts to trigger a constructive feedback session. Further actions were taken based 

on the feedback to find more appropriate sources of inspiration and restart the loop.   

 

The DELIVER phase aimed at refining and producing something that is ready to be presented to the 

concerned stakeholders. This phase included the use of user journey mapping to consider the multiplicity 

of potential users and their experience of the product. 
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2. DISCOVER 
The DISCOVER phase strives to look at the problem as broadly as possible. The goal is also to 

empathize with the users to understand their struggles and perspectives. This is done by observing 

from various levels, scopes and point of views to understand the difference between theory and 

practice, current practices in Arup Amsterdam and elsewhere and what the users think, added to what 

has been previously documented.  

2.1. Different ways of observing 

During the DISCOVER phase, several ways of looking and scopes of observation were used. 

Looking at what we know  

How: By performing a literature review on the use of BPS in design processes.  

Questions to answer: What do we already know on how the design process 

works? What are the identified barriers and opportunities to the use of BPS in 

practice? Which methods have already been developed to improve the design 

process?  

 

Looking back  

How: By analyzing the recent and current project that made use of BPS. 

Questions to answer:  What were the key ingredients for using BPS? Which 

tools were used? Why were these tools selected? What was the main reason for 

using BPS? What were the characteristics of effective design processes? How can 

they be shaped in such a way that BPS-based design support can be efficiently 

integrated (market pull)?  

 

Looking inside 

How: By performing iterative semi-structured interviews within Arup, by 

following the current network discussion and research topic across Arup offices 

and following the group discussions and projects developments on a weekly 

basis. 

Questions to answer: What is Arup’s way of functioning? What is their structure, 

their workflow, their project acquisition method, their research interests, their 

network discussion topics…? What do they need? What would fit in their ways 

of working? 

 
Looking around 

How: By attending conferences, following forums of BPS users and researching 

information on practitioners and software developers’ websites. 

Questions to answer: Which software solutions are already available at 

universities, start-ups and software developers (technology push)? How does 

knowledge transfer in relation to BPS currently take place (articles, workshops, 

webinars, IBPSA, young graduates, internships)? What are the emerging trends and 

technologies?  

 

These different ways of looking were combined in the following paragraphs as 

presented in Table 1. 
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Table 1, Ways of looking in different paragraphs 

 
  

2.2.  The way things work 

This chapter explains the context in which buildings are designed in the Netherlands and at Arup 

Amsterdam by presenting an overview of the Dutch building sector and by presenting Arup as a firm.  

2.2.1. The Dutch building sector  
The building industry, in general, has the reputation of being slow in adapting to changes and adopting 

new technologies. This can mainly be explained by the complexity that building entails: buildings, 

contrary to most other products, are systems interacting and depending on their environment and their 

many users for several decades. The Architecture, Engineering and Construction (AEC) industry has, 

however, already undergone several major evolutions, mainly driven by digital development such as the 

evolution from hand-drawings to Computer-Aided Design (CAD) and nowadays to Building 

Information Modeling (BIM). Still, the AEC sector presents an inefficiency inherent to the structure of 

the industry which is not easy to change only by technological push. The building design process is 

segmented between design specialization of team members and between chronological phases, often 

resulting in operational islands and inefficient processes as illustrated in Figure 4. Integrated design 

teams and BIM are means to mitigate this problem.   

2.2. The way 

things work…

The Dutch building sector

Arup’s structure

2.3. The use of 

BPS in the design 

process

In theory

In practice

In Arup

Elsewhere

2.4. 

Understanding 

the barriers 

from the user 

perspective

What the users at Arup 

have to say…

When academics asked 

practitioners
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Figure 4, Actors and Phases of the Building Design process [14] 

In addition to the segmented design team, the initiators, influencers, financers and users of the building 

project are often different entities.  The commercial relationship between these actors and the goal of 

each of them affects the way designers can set priorities for the projects. Green building certification 

schemes constitute a solution that forces developers to spend effort on the quality of the building thanks 

to the market demand for certified buildings.  

 
Figure 5, typical commercial relationships between actors of the building project [14] 

Also, the type of procurement of the design team may affect the way the team members work together 

according to the liability of each party, which in turns affects the efficiency of the design process and 

the quality of the final output.  

In accordance with the European Union’s Directive on Energy Performance of Buildings (EPBD), the 

Netherlands have integrated into their national building regulations a way to 'promote the improvement 

of energy performance of buildings within the Community'. One of the key goals of the EPBD at its 

introduction was to “emphasize the use of integrated energy performance prediction and 

certification”[15]. 

The Dutch Building Regulation (Bouwbesluit) sets the goal for new buildings in terms of energy 

efficiency. At the moment the Energy Performance Coefficient (EPC) (Energie Prestatie Coëfficiënt in 

Dutch) is the main performance indicator for buildings and is determined according to NEN 7120. It is 
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already known that in 2020 a new regulation will be introduced to deliver nearly zero-energy building 

(BENG, in Dutch Bijna EnergieNeutrale Gebouwen). 

Apart from the national building regulations, voluntary green building certification schemes are also 

used in the Netherlands. While the rating system LEED (Leadership in Energy and Environmental 

Design) from the United States Green Building Council (USGBC) is sometimes used, Dutch buildings 

are mainly rated [16] according to Building Research Establishment Environmental Assessment Method 

(BREEAM), and more precisely BREEAM-NL which is the country-specific BREEAM system adapted 

to the Dutch context by the Dutch Green Building Council (DGBC). 

The way these regulations and certification system influence the use of BPS in practice is further 

investigated in chapter 2.3. 

 

2.2.2. Arup’s structure  
The term ‘Total Architecture’ implies that all relevant design decisions have been considered together 

and have been integrated into a whole by a well-organized team empowered to fix priorities. 
-Sir Ove Arup, the Key Speech (1970) 

 

2.2.2.1. Presentation of the company 

Arup is a services firm which provides engineering, design, planning, project management and 

consulting services for all aspects of the built environment. The firm was founded by Sir Ove Arup in 

1946 in London. Arup, as a firm, has offices in 36 countries all over the world (as shown in Figure 6),  

grouped in the following regions: UKMEA (United Kingdom, Middle East and Africa), East-Asia, 

Europe, Australia and Americas. Knowledge, expertise, skills and even resources can be shared between 

offices for the same project. 

The Amsterdam office was founded in 2000. Its Building Consulting branch consists of five teams, each 

with a corresponding team leader:  

• Building Services Team (including Mechanical/Public Health, Electrical/Lighting and Building 

Services-BIM), 

• Structural Team (including Structural-BIM), 

• Technology Team (including Acoustics, Building Physics and Fire),  

• Planning and Computation Team (including Transport planning), 

• Project and Programme Management Team. 

 

Each project is assigned to a project director in charge of strategical and financial aspects, a project 

manager who is in direct contact with the client and a lead engineer that will coordinate the work of the 

engineers and BIM modelers. 
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Figure 6, offices of Arup in the world ©Arup  

 

2.2.2.2. Project Acquisition and type of Projects 

Looking at a selection of 100 recent projects from the Building Consultancy Cost Center with a focus 

on projects requiring the Building Services and Technologies disciplines, projects have the following 

profile:  

• Type of procurement: more than half of the projects are Design-Bid-Build, Traditional or 

Direct appointment 

 

• Lead Source: around 60% are Invitation of Arup only, 20% are Invitation to compete and 10% 

are Addition to existing services 

 

• Type of clients: more than a third are Corporate while another third are Public Institutions, the 

rest is divided between Contractor, Architects, Consultants and others. 

 

• Type of services: 30% of the services are in the category Consultancy, Assessment or Advice 

while 25% fall under Design. 

 

This quick snapshot of recent projects gives an idea of the type of project and conditions under which 

Arup’s engineers are working most of the time. 
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2.2.2.3. Global and Regional Strategies 

The development of Arup as a firm is guided by Global and Regional strategies which helps 

emphasize efforts on certain aspects. For 2017-2020, the Europe Region Strategic Plan focuses on five 

axes: Clients, Digital, Infrastructure, People and Sustainability.  

 

In particular, Arup is committed to keeping at the forefront of the digital transformations already 

occurring by empowering all staff to use new technologies to support better decisions, better 

engineering and better outcomes. The digital transformation is two-fold: one, transforming Arup by 

embracing automation and be a data-driven business and two, transforming their clients and work by 

developing innovative digital products and be leading digital consultants in the built environment. 

2.2.2.4. Knowledge management within Arup 

This section focuses on the knowledge management infrastructures in Arup, as they contribute to the 

environment influencing the use and diffusion of BPS.  

 

 

is the knowledge management branch of Arup, responsible for the 

development and diffusion of knowledge by ensuring that employees can easily explore, learn and share. 

These three actions are facilitated by various tools and infrastructures developed and managed by Arup 

University. 

 

 

Arup Foresight is part of the Arup University. The Arup Foresight team covers the entire 

knowledge value-chain, from understanding future trends and identifying areas for 

development to delivering collaborative research programmes and pursuing opportunities 

for innovation. Some of their distinguished products include the Drivers of Change cards 

used to initiate discussion about global issues and trends during workshops. But also, Arup Inspire, a 

browser-based curated collection of case studies and concepts from all over the world capturing “the 

state-of-the-art, the possible and the surprising”. 

Figure 8, Europe Region Strategic Themes for 2017-2020 © Arup  Figure 7, Arup's Digital Vision © Arup  
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Exploration is also encouraged via collaborative research with clients, collaborators or universities or 

internally, based or not on a current project. The internal funding mechanism for research and 

development called Invest in Arup (IiA) has a global online platform where applicants share their 

proposal, follow their funding application and comment on their colleague’s proposals. Although the 

Value Reports (i.e., the documentation of the results) of these research are also accessible via the same 

platform, the diffusion of the results is the responsibility of the researchers who can choose the adequate 

medium of diffusion of their results. There are no global, systematic diffusion tools of the Invest in Arup 

outcomes. 

 

 

Moodle is the platform from which Arup University manages learning for Arup staff, these 

learning possibilities include: 

• E-learning (e.g., virtual online classrooms, “click and learn”, learning burst and videos ) 

• Technical learning delivered in each region 

• Multi-discipline learning (e.g., design, creativity, sustainability, commercial skills) 

• Leadership learning 

• Master modules from academic-led programmes 

Moodle presents these learning opportunities as a catalog or a calendar but also provide guidance 

through the Learning paths that help each employee to prioritize and plan their learning on their 

personal account.  

More informal Lunch Lectures and discussion sessions are also organized more locally in each group 

or region at the initiative of employees. 

Employees can also ask the Information and Library Services team for Technical Standards as well 

as bespoke research thanks to specialist databases and professional experience. 

 

 

Skills Leaders take a view on the internal and external practices of their profession in the 

firm and define research and learning needs of their disciplines. They also lead their 

communities in the Skills Network discussion. The Skills and Business Network are similar 

to a blog forum where questions can be posted and new development can be shared 

concerning 50 different communities. These forum-based discussions are also enabled on the Yammer 

platform which is more flexible in the creation of new groups and topics of discussion. Discussion 

forums in both the Skills Network or Yammer groups allow any Arup employee to tap into and contribute 

to a specific question, issue or topic. Tailored alerts and news feed also help the users to stay updated 

on a topic of interest without information overload. 

By pro-actively sharing knowledge and experience the information can more easily be gathered and 

found. All employees are encouraged to keep their profile up-to-date so they can be found and directly 

contacted according to their expertise and skills via the Arup People webpage which could be seen as 

the equivalent of Facebook where each employee shares their expertise and accomplishments. Similarly, 

each project’s information, stories, lessons learned and key documents are collected via the Arup 

Projects webpage in the Ovabase. The app Client 360 gives an overview of the relationship between 

Arup and a client by sourcing data from various tools such as the above mentioned Ovabase, the 
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Ovaview (project forecasting report database) and the Client Relation Management tool (CRM). Of 

course, the quality of the gathered data is most useful if the information is properly and systematically 

shared. 

The firm also grants access to all images of projects, power points and brochures via the electronic media 

repository AssetBank.  

Most of these knowledge management tools are accessible directly from the Digital Workspace home 

page which is Arup’s integrated online platform and intranet. The Knowledge Handbook, the Arup 

University cards or the “What to use When” overview are tools to help people learn about and take 

advantage of all the knowledge resources available within Arup. 

 

2.2.2.5. Building Performance Tools  

The Building Services team in Arup Amsterdam is keeping an excel list of software tools that they use 

and have at their disposition. The full list can be found in Appendix A. These tools include: 

• Weather data plotters such as Climate Consultant or Weather Manager from Autodesk,  

• Daylight and lighting analysis tools such as Radiance and Dialux,  

• Thermal modeling tools such as IES-VE and BEANS developed by Arup 

• Dutch energy modeling tools such as VABI Elements, VABI-EPA and ENORM 

• Various Excel-based tools developed by Arup for hydronic, HVAC air-side and equipment 

sizing aspects.  

A number of new tools are also being developed within the MEP team in an effort to automate frequent 

tasks or take advantage of visual scripting tools such as Dynamo (linking to BIM tool: Revit Autodesk) 

and Grasshopper (GH) (linking to 3D modeling tool: Rhino). These new tools include a duct-sizing tool 

in Dynamo, a data center space generator proposing building layouts based on standards data center 

specifications in GH and a PV-system optimizer in GH. All are funded by Invest in Arup projects.  

Many other tools are used and developed within Arup and expertise is shared more or less formally via 

conference calls or joint research and development goal definitions. At the time of this PDEng project, 

several conference calls are occurring between German, Spanish, Czech, Irish and Dutch offices to 

discuss their ways of converting a BIM model to a Building Energy Model. The goal is to avoid 

duplicated work and to share advancement. At a different scale, the Mechanical Services Skills Network 

(MSSN) is organizing a Research Jam on Yammer to gather ideas for, amoung other things, future tool 

developments with a focus on automation. The goal here is to develop a strategy for 2018-2020 for this 

particular Skill Network. 

 Arup is also developing a global Tool register where all software information and access is gathered 

on one digital platform. When looking globally at Arup resources, three main tools were found to 

provide guidance in the use of Building Performance Simulation: An excel-based “whole building 

energy modeling calculation plan” to help gather information and keep track of the performed simulation 

on the energy models, a “5 minutes guide : BIM to BEM” to help engineers exporting a BIM model for 

Building Energy Modeling and a “Modelling Project Workflow” chart presented in Appendix B which 

represents the typical modeling framework to follow in Arup. 

2.2.2.6. Learning from previous adoptions of new tools  

Aside from having tools available as mentioned above, new tools can always be used and adopted in 

Arup. This section discusses three examples of tools and the paths they took before being adopted, 

explained using storytelling. Storytelling is a creative and flexible design research method used at 
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various stages of the design-thinking approach to help understanding complexity and developing 

empathy with the user [17]. To extract the main lesson learned from the different experiences the story 

should contain: 

• Detailed characters with whom the audience can empathize; 

• Rich, contextualized settings; 

• Goals (what the protagonist is trying to accomplish and why); 

• Causality and Obstacles (what problems the protagonist has to overcome to accomplish the 

goal). 

  

LifeCycleCost Tool  

Samantha is a mechanical engineer who previously worked in the New York office. Therefore, she has 

little experience of equipment cost estimation in the Netherlands. Samantha wants a tool to help her 

make good and quick life cycle cost calculations without having to always refer to a local experienced 

engineer nor having to spend hours researching it herself.  

After asking around the office if such a tool is available she starts looking for existing tools that the team 

could use. After selecting what she thinks is the best option, she presents the tool to the team during a 

Monday meeting and asks for permission to acquire this third party software tool. Several concerns 

about the tool were raised by the team:  

• What is the quality and robustness of the database used by the tool (e.g., Can we trust it? Is it 

regularly updated)? 

• What is the price and type of the license (e.g., number of users, duration)? 

 

Because the team doubted the utility and reliability of the tool, and because it was not free, it was first 

agreed to test the tool with a demo version. Following a successful demonstration period, the tool was 

acquired by Arup Amsterdam. Although the tool may still not be systematically used by local 

experienced engineers who are used to doing things in a certain way, new engineers in the team started 

to use the tool as a default procedure without having to go through the whole process Samantha went 

through.   

Take-away message: The overall procedure was rather time-consuming for the engineer who took the 

initiative to look for a better way to do her job. The need to pay for a license slowed down the process 

as it required the approval of the team and team leader but this barrier also forced the engineer to 

communicate clearly to the whole team about this new tool, making sure it will be used by many in the 

future.  

 

Photovoltaic system optimization tool (PV script) 

As an electrical engineer, Alex wanted to calculate the yield of a PV system as placed by the architects, 

taking into account the surroundings of the system. Alex had recently worked in the Los Angeles Arup 

office where a tool suitable for his goal was being developed. The tool is a Grasshopper definition. Alex 

has a copy of the tool in development, but the main developer is no longer working for Arup and the 

development of the tool has therefore slowed down. Alex talks about it with Pierre, a new engineer in 

the MEP team who has experience with Grasshopper. Pierre manages to complete and run the tool which 

seems to work adequately and the output of the tool is validated against a simpler online tool. 

The progress is shared with the Arup Office in Los Angeles and with the MEP team. As this happens, 

several other current projects of the MEP team could benefit from such a tool. The tool is repeatedly 
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used successfully by Pierre in all the projects while the further development of the PV tool is resumed 

in Los Angeles. 

Take-away message: The combined effects of Alex knowing about the existing tool developed 

elsewhere, Pierre having the skills to further develop and apply the tool to all the projects, and the team 

communicating their finding and their needs on real projects allowed for the tool to be successfully 

adopted. The regular discussion within the team is enabled with Monday meetings where everybody is 

present. However, the initiation of the tool development followed a more coincidental procedure and it 

is not guaranteed that the tool will be used by someone other than the one who developed the tool.  

MEOToolBox  

Alexandros is a graduate engineer who is fluent in using the visual scripting of Grasshopper. Taking 

advantage of his skills, knowledge and previous experience from his Master thesis, he applies for an 

Invest in Arup to develop a set of definitions allowing energy optimization via parametric massing 

looking at Radiation analysis, Daylight analysis and Heating and Cooling energy demand analysis. 

Alexandros does not work in the MEP team but his research is based on discussions with MEP specialists 

with the goal to facilitate the communication of MEP design principles in the initial design phases. The 

dissemination strategy of this IiA is to make the Grasshopper definitions follow a clear layout to make 

sure that all levels of users can easily identify the different functions of the tool, the most basic one 

being the insertion of input data. The tools are used in a few projects were the Value Report of the IiA 

was presented to clients to present and offer parametric massing services. In the MEP team, however, 

the tool was not fully adopted, this could have been caused by: 

• lack of promotion of the tool in the MEP team, 

• or lack of confidence of the MEP engineers in using this tool, 

• or lack of projects requiring this type of tools. 

 

When presented again to the team, during a Monday meeting a few years later, the following remarks 

were made by the engineers:  

• Difficulties to review the calculation if not familiar with Grasshopper and impossible if the 

computer of the engineer is not properly equipped with the associated software (i.e., Rhino, 

Grasshopper and different GH plug-ins). 

• Doubts if the architect would appreciate advice on building massing if the tool is used at the 

initiative of the MEP engineer. 

• Uncertainties whether the standard used in the tool is still up-to-date.  

• An engineer skilled with GH used GH with EnergyPlus to make a similar analysis as the 

MEOToolBox does. Although he was aware of the MEOToolBox, he preferred to write his own 

definition and to use a more dynamic simulation engine.  

 

Take-away message: A tool can be forgotten if not quickly applied in real projects. If not applied, it may 

not be properly managed or further developed and similar tools may appear in parallel. Although the 

tool was made easy to use by any user, it was not easy enough for reviewers. This type of early design 

phase tools are more likely to be used if the design team or client is interested in this design process. 

In Summary of this section: The adoption of a new tool requires curiosity and entrepreneurship from the 

engineers introducing it to the team. Being valuable is not enough for the tool to be adopted, it should 

be trusted and tested by the users themselves. A tool has more chance of being adopted if needed on real 

projects, this need might come from the demand side (clients, architects interested in new services) or 

the supply side (engineers improving their workflow). 
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2.3. The use of BPS in the design process 

This section presents how BPS is being used in the design process in theory and in practice, as well as 

in Arup Amsterdam and elsewhere.  

Section 2.3.1 is based on literature review, first investigating how BPS is recommended to be used 

according to current standards and institutions promoting the use of BPS and then gathering how BPS 

seems to be actually used in practice. Then, section 2.3.2. describes how the Building Services team in 

Arup Amsterdam has been using BPS in current and recent projects and then explores how simulation 

is used elsewhere, e.g., in different countries or types of firm. Finally, section 2.3.3 presents literature 

which argue when to simulate or not. 

2.3.1. In theory and in practice 
“In theory, theory and practice are the same. In practice, they are not.”   

-Einstein  

This section looks at the ideal integration of Building Performance Simulation within 

the building life cycle from inception to operation according to several standards and 

institutions, as well as how BPS seems to actually be applied in the design process 

according to a literature review.  

2.3.1.1. What is recommended 

During the 7th International Conference on Design & Decision Support Systems in Architecture and 

Urban Planning in 2004, Hensen explained how BPS is most of the time still only used for code 

compliance and evaluation of a single design while it has the potential to be used throughout the building 

life cycle from inception to operation as illustrated by Figure 9. While the barriers to this extensive use 

of BPS will be explored in section 2.4, this section describes the guidelines, standards and incentives to 

use BPS during the building design process. 

 
Figure 9, Potential applications of BPS in the design process, adapted from [3] 

Code compliance and certification 

The Energy Performance Coefficient required in the Netherlands is often done as a compliance check 

of a selected design. The tools recommended for this assessment are simple so they can be accessible to 

most. Energy Performance Coefficient (EPC) indicates the energetic properties of a building including 
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building services at a standardized user behavior. The goal of the EPC is mainly to enable the 

comparison of the design to a baseline and to other buildings, rather than predicting as accurately as 

possible the performance of the building. Other comfort and performance aspects of buildings do not 

require performing Building Performance Simulation. 

BENG will soon replace the EPC calculation and focus on three requirements: (1) a maximum energy 

need in kWh/m2.year, (2) a maximum primary energy use in kWh/m2.year and (3) a minimum share of 

energy from renewable sources in percentage.  

BREEAM-NL, the Dutch version of BREEAM, is also based on the EPC calculation but may require 

the use of more advanced dynamic thermal simulation2 in order to score the maximum number of points 

or extra innovation points in the following credits[18]: 

• HEALTH 10 Thermal comfort: To achieve the maximum of two points, the control strategy 

should be based on a “full dynamic analysis”. 

 

• ENERGY 1 Reduction of CO2 emissions: Two innovation points can be awarded if the evidence 

shows that the building is designed as a CO2-neutral building, where both the building and the 

related user-related energy consumption is 100% CO 2-neutral. The building should be modeled 

using “Dynamic Simulation Modelling software”2. 

 

• ENERGY 5 Use of renewable energy: The following criteria show an exemplary performance 

and make it possible to earn one innovation point for this BREEAM-NL credit: (1) The first 

point of the feasibility study must be achieved. (2) By applying in the feasibility study 

recommended renewable energy technologies, the CO2 emissions of the building are reduced 

by at least 40% compared to the reference situation without renewable energy. (3) Approved 

energy modeling software is used to demonstrate that the design meets the reduction of CO2 

emissions compared to the reference situation. 

 

LEED follows a performance-based approach but still leaves the option to the assessor to use BPS or 

not. The themes Energy and Atmosphere and Indoor Environment Quality were investigated [19]. For 

the required prerequisite of Minimum Energy Performance, the assessor may use a whole building 

energy simulation or a prescriptive compliance with certain standards. For the credit Optimize Energy 

Performance the assessor can score up to 18 points if using a whole building energy simulation while 

only up to 6 points can be scored when using the prescriptive approach. Similarly, for daylight aspects 

either a simulation can be performed to predict Daylight Autonomy or Illuminance Levels or 

measurements can be done. The certification system also gives a possible point if an integrated process 

is applied to “support high-performance, cost-effective project outcomes through an early analysis of 

the interrelationships among systems” this credit recommends the use of early phase simple box energy 

modeling to inform the further design phases.  

 

Guidelines and support 

                                                      
2  Dynamic thermal simulation or Dynamic Simulation Modelling is defined in BREEAM-NL as “A model that simulates the 

heat balance of a building dynamically in relation to the future heat demand, given the parameters entered in respect of the heat 

generation, building fabric, HVAC systems used and other relevant input. The software meets at least the requirements of 

simulation calculations in accordance with NEN-EN-ISO 13792. Examples of dynamic simulation calculation models are: 

VABI-VA114, TRNSYS, IDA ICE (Indoor Climate and Energy), TASE, Energy + WEI model (ECN) and DYWAG (Dynamic 

Heat Use in Buildings). Note: NL-EPBD certified software for the determination of the energy certificate or the creating of a 

customized advice does not meet the requirements of a dynamic thermal simulation.” 
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Institutions such as the American Society of Heating, Refrigerating and Air-Conditioning Engineers 

(ASHRAE), the Chartered Institutions of Building Services Engineers (CIBSE) and the American 

Institute of Architects (AIA) all offer support and guidance in using Building Performance Simulation 

during the whole life cycle of the building design to inform design decision and produce high-

performance buildings. They offer guidance and standardize procedures to strengthen the use and 

outcome of BPS.  

ASHRAE Standard 209: Energy Simulation Aided Design for Buildings Except Low-Rise Residential 

Buildings describes a methodology for applying building energy modeling to the design process[20]. 

ASHRAE recognizes the following modeling cycles and recommends following the steps presented in 

Figure 10. It also prescribes using software that complies with ASHRAE Standard 90.1 and a dedicated 

energy modeler that possesses the right credentials. The standards aim at facilitating the use of energy 

modeling so the results can inform the design decision-making process. 

 

Figure 10,  ASHRAE cycles(left) and recommended steps for energy modeling (right) [20]. 

Similarly, The Chartered Institutions of Building Services Engineers (CIBSE), in its 11th Application 

Manual for Building Performance Modelling [15], presents the possible types of tools for building 

performance modeling at different design stages and according to various design performance questions 

as seen in Figure 11.  
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Figure 11, Examples of design questions and suggested types of software to apply at various design stages [15] 

The application manual also recommends the steps to perform the simulations and the role of the 

manager and users in performing these steps, see Figure 12.   

 
Figure 12, Simulation activities and roles and team managers and program users in QA procedures [15]. 

The American Institute of Architects (AIA) in An architect’s guide to integrating energy modeling in 

the design process [5] identifies three types of modeling occurring at different stages of the design 

process: design performance modeling, building energy modeling and building operation modeling, see 

Figure 13  

 
Figure 13, Stages of design and types of energy models according to [5] 
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From a more academic point of view, Balci described in 1994 [21]the life cycle validation, verification, 

and testing (VV&T) technique of simulation study and identified it as an “extremely important factor 

for the success of a simulation study”. The main diagram of illustrating the VV&T technique can be 

observed in Figure 14. 

  
Figure 14, The Life Cycle of a Simulation Study [21] 

 

2.3.1.2. What is observed in practice 

In 2003, Mourshed, Kelliher, and Keane observed that “contemporary practice involving building 

simulation applies mostly to detailed design stages and starts with the Building Services Engineer”[22]. 

With Figure 15, they illustrate how architects are usually earlier involved in the environmental design 

of the building than Building Services Engineers (BSE) while most energy savings can be accomplished 

for little design effort at the early phase of the building design cycle but most building energy simulation 

software are available at the design development stage. This figure wants to emphasize that building 

simulation programs fail to address environmental design in early stages where most energy savings can 

be made.  
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Figure 15, Relationships in different lifecycle stages of the building (a) Involvement of Architect and BSE in environmental 

design (b) Level of Design Effort vs. Energy Savings (c) Availability of Building Simulation Software, drawn from [22] 

Torcellini and Ellis make a similar observation in 2006, illustrated in Figure 16. Performance simulation 

is mainly used for HVAC design and code compliance at the end of the design process when the 

program, form, and fabric of the building have already been decided. 

 
Figure 16, Current use of performance simulation in practical building design, source: Torcellini and Ellis 2006 [23] 
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In 2009, De Wilde and Prickett reviewed the current use of simulation in the building design and 

engineering process amongst Mechanical and Electrical (M&E) engineers in the United Kingdom based 

on a questionnaire and in-depth interviews amongst practitioners [11]. It revealed that:  

• Simulation is used almost exclusively in the more extensive projects, in the category of more than £ 

20 million. 

• The information gained from the deployment of simulation tools might be less essential for the design 

process than many researchers in building science believe; there are a lot of repetitive projects were 

proven systems can be rolled out, based on the experience of the consultants involved. 

• In some cases, the simulation does clearly add value, especially where it comes to gaining special 

status like BREEAM excellent ratings or demonstrate sustainability to a concerned client. 

• The main driver currently is to achieve compliance with set standards, for example, the British Building 

Regulations Part L or energy performance certification. 

2.3.1.3. In conclusion 

Although guidance and incentives exist to encourage the use of BPS, the practice is still impeded by 

other aspects inherent to the design process such as the succession of design team members and design 

focus in different phases, or the adaptability of a certain tool to the input data available at certain phases. 

The incentives and obligations such as certifications and regulations force design teams to use BPS tools 

but this use stays limited most of the time to a compliance check rather than a design decision support 

tool. In 2011, Hensen also notes that “beyond the design phases, there exists a considerable and rapidly 

increasing interest -in practice and research - in the use of simulation for post-construction activities 

such as commissioning, operation, and management”. However, the uptake in current practice is still 

very limited [23].  

 

2.3.2. In Arup Amsterdam…and Elsewhere… 
This section gathers examples of the use of BPS in the MEP and Building Physics team in Arup 

Amsterdam and then summarises the practices of other firms (other Arup offices, other engineering 

practices, architects…) 

2.3.2.1. Current use of simulation in ARUP MEP practices, drivers, and barriers 

When asking what the barriers of using simulations are, the answer is 

often a general lack of resources in terms of time, money or skills in 

the tool. To be able to pinpoint a more specific answer the question was 

reversed: Why are you using simulations? This led to different 

examples of the use of simulations in Arup Amsterdam MEP team 

summarized in the table below. For each recent project that used 

simulation the engineer in charge of the simulation was interviewed using face-to-face semi-structured 

conversation. This interview method was selected to allow interviewees to lead the conversation and 

reveal information that they deemed important while the interviewer may not have thought about it. 

However, in each interview the following three questions were asked:  

• What type of simulation was used for the project? 

• What were the reasons for using BPS? 

• What were the difficulties encountered and things users wish would have been easier?   

 

The results of these interviews are displayed with the following structure: Type of reason for using 

simulation, name of the project(s), drivers and difficulties.  
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Certification Compliance e.g., HAUT with BREEAM-NL 

Drivers: Requirement to calculate EPC with VABI EPA tool 

Difficulties: Limited capabilities of the tool to conduct other analysis with the same model. Also, the 

tool is only in Dutch. 

Investigating overheating risks e.g., overheating in Atriums or highly glazed spaces: Royal van Lent, 

Atrium, Sint Lucas 

Drivers: This type of investigation often comes from the need to quantify an intuition based on the 

engineer’s experience, it will help understand the magnitude of the potential problem, help convince the 

client to take actions and in some case the same model can guide the design of the solution with quick 

feedback to the design team. 

Difficulties: Making the model is time-consuming (lack of interoperability between BIM and BPS) and 

requires an extra investment from the Client or from Arup. The simulation tool is then selected according 

to the expertise of the engineer working on the project in the tool and the availability of that tool within 

Arup. The main problem is to time this investigation sensibly so it gives useful information at the 

moment when design modifications are still possible, otherwise, the solutions to the quantified problem 

will be limited.  

Advanced predictions e.g., CFD or hydronic simulation for risk assessment under different failure 

scenario for data centers. 

Drivers: The request comes from an informed client. (In the case of data centers the quality and 

performance of the indoor climate conditioning has a direct influence on the client’s revenue generation) 

Difficulties: Due to lack of skilled engineers available to quickly perform a CFD simulation with 

limited uncertainties, the job was sent to another Arup office. For the hydronic simulation a specific 

software was required by the client and the investment of training one engineer was deemed a good 

investment as more similar requests might occur in the future. 

Sizing mechanical system for standard buildings in various climates e.g., WeWork 

Drivers: The client uses a repetitive modular layout around the world which makes it interesting to use 

the same model for different climates, locations and orientations. 

Difficulties: Even though the same model is used, setting the simulation for 30 climates manually is 

time-consuming but setting an automation script to run these simulations can also be time-consuming 

without the proper skills. 
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Climate study to design energy-efficient building e.g., Dutch Wind Wheel feasibility study for 

natural ventilation and solar energy production potential. 

 

Drivers: The feasibility study stage gives enough freedom/opportunity to influence the design at an early 

stage. The availability of existing Grasshopper scripts and skills from one engineer in the team presented 

an opportunity as well. 

Difficulties: The lack of knowledge in Grasshopper and the fact that this software is not installed on all 

machines made it difficult for a senior engineer to verify/review the simulation input and output (black 

box effect). 

Predict PV output e.g., San Pellegrino, Echo 

Drivers: Provide a realistic estimation of electricity production potential to size electrical equipment. 

Difficulties: Bugs in grasshopper script required an expert’s intervention. The full influence of the 

surroundings relies on the accuracy of the model of the architect. 

 

Load calculation e.g., Bahrain IC Amphitheatre 

Drivers: Size HVAC equipment, often done for unknown climate or complex building shape to justify 

the making of a model  

Difficulties: Often done only by engineers who feel confident and fast with the tool such as IES-VE 

Development of  innovative concept e.g., LocHal: local conditioning in a big hall, HAK: a new type 

of shading and HVAC control according to occupancy 

 

Drivers: Proving to the client the viability of the concept in terms of thermal comfort and energy 

savings. Clients are eager to promote a sustainability concept. The possibility to test different scenarios 

and controls is also a driver. 

Difficulties: Validation is preferable but not always possible. The shapes of the rooms are simplified 

due to the early design stage. 

The model is coupled with a complex excel calculation sheet to enable easy checks by a senior engineer 

(avoid black box effect). 

Early design massing and envelope optimization (according to sun hours, noise level, EPC, energy 

demand, structural elements, WWR…) e.g., Kavel 42, Valley, de Sax, de Staal, San Pellegrino 

 

Drivers: After presenting the possibility to make informed decisions and to visualize the quality of 

design solution for competitions, architects, developers or governmental clients renewed their interest 

for this type of early-stage analysis. For apartment buildings, the driver for Arup is to bring architectural 

qualities to as many apartments as possible 

 

Difficulties: Projects in the competition stage have a very limited time, the role and timing of the 

optimization require a good relationship between engineers and architects. The communication with 

architects has to be smooth and quick while protecting the intellectual property of the optimization 

script. 

In summary, Building Performance Simulation is used at the moment: 
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• to answer client’s direct requests and/or goals, 

• to prove the quality, or lack of, of the indoor climate of a space,  

• to influence the design decision-making process at early stages, 

• to more easily (relative to the user’s skills) calculate/answer engineering problems, 

• to investigate unknown situations/climates/shapes, 

• to inform and influence the design decision-making process. 

 

However, these uses require certain drivers to be present, such as:  

• Incentive from client, certification label or regulations. 

• Risks to be prevented. 

• Well-informed clients.  

• Direct correlation between the building’s performance and (financial) interests of the client. 

• Innovative concept. 

• Skills and tool preferences of the engineer. 

  

Typical problems encountered are:  

• Technical difficulties in converting an existing model for simulation purpose. 

• Limited capabilities of the prescribed tool, or limited skills of engineers in the prescribed tool. 

• The timing of the simulation use in the design process. 

• Need to easily verify and review the simulation. 

• Need for validated simulation results, which links to the reluctance to share simulation results 

as a promise of performance. 

• Unclear distribution of responsibility for the accuracy of a model. 

 

 

2.3.2.2. Elsewhere 

Analysing what is done elsewhere whether it is in different practices or in different countries, helps to 

identify the factors that enable the use of BPS and that differ from the MEP team in Arup Amsterdam. 

Looking inside by going through the forum and network discussions, by participating 

in presentations and conference calls within Arup allowed to have an overview of what 

is done in other Arup offices. These differences are not linked to the firm’s policy or the 

capabilities of the staff as engineers often have long or short term assignments abroad. 

Rather, it pinpoints local aspects such as building codes and market incentives. 

Looking around during international conferences with practitioners and 

academics as well as searching through various firms’ websites allowed  

to see what the competition is doing that might come from a difference 

in the firm’s ecosystem.  
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Other Arup Amsterdam Disciplines 

The structure team in Amsterdam is frequently making use of simulation as the tools at their disposal 

clearly reduce the time of calculation, especially for complex geometries,  while the results of the 

simulation can easily be validated by hand calculation on a fragment or module of the system. These 

tools are also widely used during the education of structural engineers.  

 

The team in Amsterdam working on the effects of the earthquakes in Groningen are pushed to make 

use of computational technologies due to the scale and sheer amount of data used and collected on this 

project.  

 

The scale of projects and complexity of systems involved is also one of the main reasons the master 

planning team in Amsterdam uses simulation tools.  
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Other Arup offices  

 

During an internal discussion with several European Arup offices about energy modeling, the following 

points were noted:  

• Difficulties to re-use the model done in Revit, either because it is not available yet or the 

architecture or even MEP model are not suitable for energy modeling. 

• Several linking workflows are tested but none is ideal yet. 

• Spain, Germany, Italy and the Netherlands are starting to explore the possibilities of 

Grasshopper with EnergyPlus via Ladybug and Honeybee but do not seem to use it 

systematically on projects yet. 

• The Warsaw office uses IES-VE to perform envelope optimization and HVAC system 

comparison (with the module Apache HVAC) as the model is already done for the purpose of 

the LEED certification. (LEED is not often used on the Dutch market where the BREEAM-NL 

certification is preferred. Also, the Apache HVAC module requires extra license rights.)  

• Trnsys in mainly used for complex mechanical systems but with simple geometry. While Trane 

Trace, eQuest and DesignBuilder are used for LEED-compliant energy modeling.  

• In Germany, the software Solar-Computer is used for heating and cooling load calculation 

according to German codes and has the advantage to be built to work directly from the Revit 

MEP model. In Spain, however, similarly to the Netherlands, the tool required for energy 

calculation are stand-alone, requiring a specific model and limited to a specific task. The 

Spanish office is also testing the cloud-based, BIM-integrated Green Building Studio energy 

modeling tool but was not able to validate the results yet and expressed a certain reserve 

towards the first results. 

During the 2017 Building Simulation conference of the International Building Performance 

Simulation Association (IBPSA) [24], a panel of Arup engineers discussed how Energy Modeling is 

used according to the geographical location, focusing on the difference caused by the political climate 

rather than the meteorological climate. The following points were noted:  

• Building codes and certifications help to push the performance of the building by using 

simulation in a condition that the recommended tools leave enough flexibility to test innovative 

technologies and perform various analyses. 

• Local codes influence the type of solution, a building aiming for both BREEAM and LEED 

certification will not necessarily get a high score in both schemes with the same design as 

BREEAM is focused on greenhouse gases emissions reduction while LEED focuses on cost 

energy savings.  

• Buildings receiving more incentives, time, resources (e.g., research or demonstration project) 

are likely to greatly benefit from Building Performance Simulation.  

• Engineers should stay open to using new tools even if they have perfected their workflow in a 

tool they are used to.  

• The way engineers are hired on a project can influence the way they can give advice. For 

example: in Australia the engineers are most of the time hired directly by the client at the same 

time as the architect making the engineers involved earlier in the design process and having an 

equal relationship with the architects, enabling constructive discussions. In the US, however, 

the engineers are usually hired by the architect who is hired by the client which makes the 

engineer arrive later in the design process and dependent on the architect’s point of view.  

• To have an impact on the design, the engineers might need to intervene as early as during the 

massing of the building with the appropriate tools.  
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Other types of firm 

 

While the Building Consulting branch of Arup Amsterdam does not include an architecture team, some 

Arup offices do. This combination of architecture and engineering is found in many firms making 

frequent use of simulation in the design process such as Payette and HOK or Foster+Partners. In the 

Netherlands practices like UNStudio demonstrate interests in performing design optimization 

themselves. The debate around who should be performing simulation is a heated one, as demonstrated 

by the debate “Is it dangerous for Architects to do energy analysis?” during the 2017 IBPSA conference 

[24]. Firms like Transsolar, Thornton Thomasetti, WSP group, Bollinger+Grohmann or Atelier Ten 

provide sustainability services via Building Performance Simulation and argued that modeling is a 

science that requires expert training and engineers’ expertise. On the other hand,  architects (mostly the 

ones that have in-house experts) counterargue that architects are the best positioned to smoothly 

integrate Building Performance Simulation at the earliest stage of the design and are able, if not even 

better suited, to use the tools that operates based on geometry and spaces. Ultimately, this debate 

showed that many architects and modelers actually have a mixed education background from 

architecture to building science to mechanical engineering. That mixed background allows the different 

actors to speak a similar language. Finally, the debate is not really about who should be performing the 

simulation but rather how to better integrate all disciplines and expertise to have “all hands on deck” to 

design better buildings. 

New trends 

 

Attending SimAUD 2017, the Symposium on Simulation for Architecture and Urban Design [25] and 

looking at recordings of the last IBSPA conference showed that advancements in BPS are  broad and 

powerful. The following trends were noted:  

• BIM-based analysis 

• Generative Design and computational design exploration 

• Computational design optimization 

• Data mining and machine learning methods at the service of BPS 

• Real-time visualization of  BPS results 

• Detailed simulation of complex systems 

• Possibility of making your own BPS tool 

• Simulation for monitoring analysis and commissioning 

 

Although most of these topics are developed during research projects (whether initiated by academics 

or software developers) they all advocate for their application to practical cases. It should also be noted 

that both events received speakers from the Arup community. 

Essentially, new tool features, scripts and workflows are developed every day. Websites such as the 

Performance.Network [26] or Thank God It’s Computational [27] allow BPS users and developers from 

all over the world to share their knowledge with tutorials. Similarly, the community using tools based 

on Grasshopper for Rhino have various media at their disposition to share experience, knowledge and 

scripts (e.g., food4rhino is a website that gathers all apps for Rhino and Grasshopper [28], while 

grasshopper3d.com host a user forum [29] and hydrashare is a platform to place Grasshopper script 

examples [30].)  
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In Summary: 

Other offices in Arup also face the problem of interoperability between BIM and the Building 

Performance Simulation modeling platform but seem to find more incentives in the local building code 

and preferred certification schemes to motivate the use of BPS. Also, academia and software developers 

spend effort on interoperability between BIM and BPS by either refining existing pathways or 

developing analysis tools within the BIM environment.  

Not all tools are equal in terms of capabilities and flexibility and even when engineers have found an 

efficient workflow they should continue to look out for new tools and features. The growth and 

emergence of new tools is fast and many issues are already addressed by software developer and 

academia, this knowledge just needs to be harvested.  

The evolution of educational programs is blurring the role of engineers and architects but should 

ultimately result in a more integrated multi-disciplinary design process.  

New development in tools capabilities, interoperability and ways of working all assume that simulation 

will be used in the first place while this is not necessarily the case in practice. Apart from research and 

demonstration projects, it seems that the main innovation to stimulate the use of BPS is found in the 

performance-based green building certifications schemes but BPS could arguably be used outside of this 

framework too from early design stages to commissioning phases.  

 

2.3.3. To simulate, or not to simulate, that is the question  
Why simulate in the first place and when is simulation the wrong answer? 

As Balci illustrates in the lifecycle of a simulation study in Figure 14, simulation is one of the possible 

ways to answer a formulated problem. Other above-mentioned guidelines also mention the importance 

of defining the problem to solve or the objectives to achieve. In a performance-based approach, it is 

clear that simulation is needed to predict the performance of the building and help the design team to 

make informed design decisions. But there are other reasons than prediction to perform a simulation, as 

Epstein mentions in his 2008’s keynote, Why model?[31]. The following reasons are retained as 

applicable to the building design discipline: 

• Understand (phenomena) 

• Illuminate core dynamics and core uncertainties 

• Guide data collection (e.g., for Building Monitoring Systems) 

• Explain ( to the client or fellow design team member) 

• Discover new questions (or risks not envisioned at first) 

• Reveal the apparent simple to be complex (and vice versa) 

• Offer crisis options in near real-time 

• Demonstrate trades-off and suggests efficiencies 

• Challenge the robustness of prevailing theory through perturbations 

• Train practitioners 

• Discipline the policy dialogue 

• Educate the general public 

 

On the other hand, simulation is not always the appropriate tool to solve a problem and Banks and 

Gibson summarized ten rules to determine when to not simulate [32]: 
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1. The problem can be solved using “common-sense” analysis 

2. The problem can be solved analytically  

3. It is easier to change or perform direct experiments in real life 

4. The costs of the simulation exceeds possible savings 

5. There aren’t proper resources available for the project 
6. There isn’t enough time for the model results to be useful 
7. There is no data, not even estimates 

8. The model can’t be verified or validated 
9. Project expectations can’t be met 
10. System behavior is too complex, or can’t be defined 

 

From a more practical point of view, De Wilde and Prickett developed a deployment/non-deployment 

flowchart for the use of simulations in the building design and engineering process where each step can 

be a reason for or against the use of simulation compared to ‘regular’ engineering. This flowchart is 

based on the current use of simulation in the UK [11]. 
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Figure 17, deployment/non-deployment flowchart for the use of simulations in the building design and engineering process 

[11] 
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2.4. Understanding the barriers from the user perspective 

This section collects the opinion of the users either by directly asking them in Arup Amsterdam or by 

reviewing what academics already gathered from asking users.  

2.4.1. What the users at Arup have to say… 
The discovery phase was also the occasion to collect opinions on the use of simulation in 

the office. Iterative semi-structured interviews (also called “conversation with a 

purpose”) were conducted with people linked to simulation. This type of interview 

allowed to confirm or contradict some intuitions but also to discover new opportunities 

or issues that were not necessarily predicted. These interviews included three graduate 

engineers from the Building Physics, MEP and Structure team, an MEP engineer with 

experience in the New York office, a senior MEP project manager, the MEP team leader and two 

engineers from the optimizer’s team. 

The main findings are synthesized under common themes in the following paragraphs: 

Time: “We don’t have time” often comes back as a reason not to do simulation in the MEP team. In 

structural design, however, simulation clearly speeds-up the calculation process, especially for complex 

buildings or fast changing designs. For some mechanical engineers, their personal skills will drive which 

tool they will use and it can include simulation software but most of the time the process to model the 

building in the software is the main barrier to simulation use as it is a time-consuming process. The 

improvement of inter-operability between BPS software and BIM software is seen as the main solution 

to this problem so the model is only done once to serve multiple purposes. However, in the rare case 

where this inter-operability is possible, the model done for the architectural purpose is not necessarily 

good enough to perform energy simulation on it. This also brings up the issue of planning the right 

workflow with the architect to avoid losing time on developing a model that does not evolve as quickly 

as the design changes. In some cases, the automation of the simulation or the reusability of a script can 

save a significant amount of time but requires solid scripting skills.  

Skills and demand:  The lack of skills of an engineer can be seen as a reason not to perform simulation 

or not to use a certain software but if the demand is there, the engineer will receive the proper training 

or will invest time to learn a new software during the first project requiring this tool. The market should 

be significant so that this need is identified. Then it is a matter of which comes first, the market demand 

or the service proposition. In the case of early design optimization using Grasshopper, the skills come 

from a handful of engineers who can propose their services to forward-thinking architects doing 

competitions. This service is fragile as it could disappear with the people having developed the 

corresponding skills but the development of the service is limited as the demand only grows thanks to 

word-of-mouth. 

Incentives: The use of simulation can be supported by building labels, certifications, codes or 

regulations that require predicting the performance of the building for compliances. These mainly affect 

the Building Physics group but the prescribed tools in the Netherlands are limited. In other countries the 

use of LEED certification, for example, requires making a whole-building energy model that can be 

used for additional investigations. The time and cost of performing this simulation are covered by the 

client who is willing to obtain the label. The incentive can also come directly from the client but depends 

on how well-informed the client is and on how much the performance of the building directly influences 

the client. For example, in the case of a data center, the performance of the building (especially in terms 

of cooling capacity) will have a great influence on the IT equipment and therefore on the revenue of the 

data center operator. In the case where the client is a developer of residential buildings the thermal 
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comfort in the building will not directly affect him as it will affect the future users of the building. A 

solution to influence such a client to care about the performance of the building is to translate the 

outcome of the BPS from a qualitative value to a financial value for the developer (e.g., how much more 

money is the buyer willing to pay for a higher quality building). Another sort of incentive can also be 

the pressure put on Arup to deliver a high-performance building. In the USA, the liability of the engineer 

is much larger than in the Netherlands. This situation encourages the USA offices to use BPS as a tool 

to mitigate the risk of the building not performing as expected. Another issue then is how trustworthy 

the results of a BPS are. 

Validation: “Avoid computers as much as possible”. This was said by one of the engineers that does 

use BPS quite often and is enthusiastic about its potential, however, there is a certain cautiousness 

toward BPS results as they are rarely validated by comparing them to measurements on site. Therefore, 

promising to the client to achieve a certain performance is seen as a risk to not deliver what was 

promised. The early design optimization team solved the problem so far by visualizing the quality of the 

building on the 3D model, often comparing apartments relative to each other. Structural engineers 

systematically validate their model by comparing one segment of the building to hand calculations. In 

the field of energy-efficiency, several interviewees expressed the missed opportunity of using Building 

Monitoring System (BMS) to validate the results of the simulation model and learn from their designs. 

Furthermore, BMS data could unlock new possibilities with Machine Learning or new commissioning 

services to ensure high performance during the operation of the building. The main difficulty then is 

that proposing BMS as a service would be a totally new kind of service for Arup to offer.  

New types of services (and all the complications that go with it): Proposing a new service, whether it is 

based on BMS or early design optimization requires common effort and strategy to ensure its success. 

The case of the early design optimization team is interesting as it envisions BPS not as an improvement 

of the usual design process but as a new service that can be sold separately from the traditional 

engineering services. This choice makes sense as it requires the involvement of the engineers in the 

design process much earlier than traditionally and for better results, a much closer relationship with the 

architect during the fast going tender phase has to be implemented. This close relationship may attract 

questions on how to deal with the intellectual property protection of the script used to perform the 

optimization without impeding a smooth workflow with the architects. Similarly, the marketing and 

pricing can be delicate to manage in order to sell the value of the service rather than the cost of it without 

scaring off new clients.  

 

2.4.2. When academics asked practitioners. 
A literature review helped to confirm and complete the findings from the interviews. 

The papers selected all used interviews or surveys to collect the opinion of 

practitioners, whether engineers or architects, about the use of BPS during the 

design process. As no architects were interviewed in the previous section, this 

literature review addresses aspects such as the relationship between engineers and architects and the 

view of architects on BPS. The various papers cover the following countries: Austria, Australia, India, 

United States of America, United-Kingdom, Denmark, New Zealand. The main findings are 

summarized in the following paragraphs:  

Tool: The BPS tools are often referred to as one of the limiting factors to the use of BPS in the design 

process, they are considered insufficient, limited or inappropriate, [33], [34]. For architects, the interface 

should be more user-friendly and the learning curve shorter, [35]. For both architects and engineers, the 
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interoperability of the tool with other modeling platform is an issue to improve efficient data exchange, 

[33], [35]. Furthermore, tool development should be performed with a designer-centric mindset to define 

new functionalities that would facilitate the use of BPS by its target audience [36].  

Data exchange and communication: Although data exchange can be seen as a tool-related problem it 

also concerns communication and workflow as well as social aspects between design team members. 

One known problem is called the information gap when the input for a simulation is missing or 

unavailable due to the design stage [33], this is particularly true for tools dedicated to the conceptual 

design stage [37]. Lack of communication is also seen as a major problem for a successful use of 

simulation and an integrated design team [37]. Putting a knowledge sharing mechanism in place, 

enabling face-to-face dialogue and encouraging quick feedback via informal communication modes are 

likely to reduce delays in exchange of information and paralleled work[38]. It is noted that this 

miscommunication may also come from the mindset and workflow mismatch between architects and 

engineers [34]. Additionally to the fact that effective communication is a prerequisite for collaborative 

relationships to be fruitful, the quality of the communication has been found to be in a strong relationship 

with the trust between designer and BPS specialists [39]. 

Role, Scope and Process: Typically, architects and mechanical engineers are allocated specific but 

different design responsibilities which are fulfilled successfully. It is widely accepted that an integrated 

design team is the most suitable forum to produce integrated buildings [37]. It may even be the best way 

to involve an expert in early design phases [35]. Integrating all team members from the very beginning 

of the design process is considered to be an important aspect to make a successful integrated design [37]. 

However, even integrated design team often conduct their respective task separately, meet from time-

to-time to adjust the design accordingly and attempt to put the pieces together at the end [39]. Moreover, 

certain architects may raise concerns that “(measurable) engineering performance issues may overrule 

(non-measurable) architectural design issues”, some may even consider engineering performance issues 

regarding indoor climate as irrelevant in relation to form-giving in early design phases [34]. Architects 

often view BPS as an obligated exercise dictated by compliance checking, these new constraints given 

to the architect may create tension rather than an open collaboration environment [40]. When not part 

of an integrated design team, simulation experts may find it challenging to incorporate simulation tools 

in the design process (e.g., choosing the right timing) and non-integrated experts may show less 

involvement in the good development of the project [38]. From a different perspective, many architects 

do not consider performance assessment a part of their professional role or responsibility [35], [41] 

which may leave some projects without any performance-based design-feedback at the early design 

stage. However, many architects also express a desire to embrace BPS if facilitated by enhancing the 

capabilities of their own staff or by improving the communication with external specialists as well as 

having access to or using software with higher capabilities of interoperability [32]. 

Education: Spreading the use of BPS in design practices requires continued efforts on the education of 

practitioners and students [35], [41] as  “a high level of expert knowledge [is] needed for full use of 

simulation tools” [33]. Education is also a big factor in the difference between BPS users and architects 

who both evolved with different world-views and mindsets [40]. 

 

Lack of trust: Lack of trust in computational results among other than simulation experts and tool 

developers is distinctly reported [33]. The sector is marked by a preference for use of experiential 

knowledge to advance the design development [38]. Practitioners strongly rely on their experience and 

understanding or prefer it when simulation results can be verified. There is some reluctance towards 

outcomes that cannot be checked by a “common- sense approach” [11]. 
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Cost: “There is a significant use of time (and thereby money) connected with simulation efforts” [33]. 

When looking at several firms and projects it is clear that simulation is used almost exclusively in more 

extensive projects [11]. In the competition phase, where collaboration between architects and engineers 

is frequent, limited financial budget allocated to the early design phase is a clear barrier [34] and projects 

are often driven by money rather than well-defined performance goals [38]. 

Recognition of value: There is “a notion of a lack of usefulness and clarity of [BPS] results in a design 

context.” Designers’ may have conflicting views about the use of simulation as results are seen as 

theoretical [38]. But information gained from the deployment of simulation tools may also be objectively 

less essential for the design process than many researchers in building science believe; there are a lot of 

repetitive projects where proven systems can be rolled out, based on the experience of the consultants 

involved [11]. In a survey, interviewees identified costs, spatial flexibility, thermal and acoustic comfort, 

energy consumption, indoor environmental quality, sustainability and productivity as convincing value 

drivers [37]. 
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3. DEFINE  
The DEFINE stage is about synthesizing the information discovered to extract the most relevant 

aspects of the problem and selecting which is most worthwhile to focus on.  

3.1. Synthesis of the barriers and opportunities 

MultiLevel Perspective (MLP) is an analytical tool to help clarify how transitions in system innovation 

unfold. It is also a means to understand the interaction of actors, environments and innovations.  The 

levels are: 

• The landscape: Contextual factors and global trends that put pressure on the regime but cannot 

be influenced by actors of the regimes 

• The regime: The state of society, mainstream activities and technological structures 

• The niches:  Where a variety of innovations emerge and are protected and nurtured to grow 

until they can challenge the existing regime.  

 

The main idea behind multi-level perspective is that “technological transitions occur as the outcome of 

linkages and interactions of developments at multiple levels. Processes on the levels of regime and 

landscape create a ‘window of opportunity’ for innovations to break out of niches” [42]. 

MLP analysis is used here to summarize the big picture of what was discovered during the first phase 

of the design-thinking approach. 

Table 2, MultiLevel Perspective analysis of the context for the use of BPS in the design process 

Landscape Recognition of human activities’ responsibility for Climate Change, COP21, 90% of 

the time indoors, availability of digital tools, improvement of computer power, 

development of data analysis and visualization 

Regime 

Global 

 

 

 

 

 

 

NL 

 

 

 

UK/US 

 

-The building industry is not fast-changing due to the complexity of buildings as 

systems 

-Trust in experience, rules-of-thumb and real-life experiments 

-Reluctance of architects towards new decision mechanisms 

-Division of tasks and phases in the design process 

-Separation between developers, owners and users of buildings 

 

-BENG, EPBD, EPC, BREEAM.nl, LEED… 

-Limitations of recommended tools 

-Responsibility for contractor 

 

-Discussion around performance-based design regulations and certifications 

-Responsibility for engineer 
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Niches 

Technological 

 

 

 

 

Organisational 

 

 

 

 

Entrepreneurial 

 

 

-Architect-friendly tools (e.g., Sefaira) or 3D based (e.g., Grasshopper4Rhino) 

-BIM integrated analysis tools (e.g Green Building Studio) 

-Building Monitoring System and big data management 

-Machine learning, Generative design and design optimization and exploration 

 

-Architecture firm with a computational approach (e.g., UNStudio) 

-Architecture firm with integrated BPS team (e.g., Henning Larsen, Foster+partners)  

-Dedicated climate engineering firms (e.g., TransSolar, Atelier Ten) 

-Adoption of multi-disciplinary integrated design teams 

 

-Webinar and tutorials sharing platforms (e.g., the Performance Network, 

ThankGodItsComputational) 

-Sharing platforms for open source examples  (e.g., Hydrashare, Project StaSIO)  

-High sustainability ambition clients and consortium (e.g., Dutch Wind Wheel) 

-Parametric and optimization services in Arup Amsterdam 

 

This MultiLevel Perspective analysis shows that landscape factors such as a society recognizing the 

importance of better building for human health and environmental aspects as well as technological 

advancement and the increase of computational capabilities provide pressure and opportunities to 

change the current regime and push for a wider adoption of BPS to inform design decision. Similarly, 

technological development (e.g., better tools), new company structures and private initiatives are 

fostering a nurturing environment for BPS to prosper. However, the socio-technical regime still presents 

an industry slowly adopting new technology at a large scale, still restricted by commercial operations 

and mainly finding incentive via mandatory or market-induced regulations.  

The following mind map summarizes the barriers for the diffusion of BPS in Arup Amsterdam. Many 

correlations exist between the different barriers which could be grouped into a variety of categories. In 

this case, the categories strive to reflect the main reasons that are usually given as to why simulation is 

not used, i.e (not ordered by importance):  

• Lack of time or money the two being closely related in a consultancy firm. 

• Lack of incentives. 

• Lack of trust in simulation results. 

• Ill-defined role and responsibility between design team members. 

• Process-related inefficiency including tools and workflow related issues. 

• Lack of skilled engineers proficient with BPS tools 
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Figure 18, Mind maps summarizing the barriers to the use of BPS 

 

3.2. Defined areas of interventions  

Now that the main barriers to the use of BPS in Arup Amsterdam have been identified, the goal of this 

phase is to define the problem to focus on solving.  

Based on the mind map in section 3.1, for each category one barrier is selected as a problem to solve. A 

barrier is selected either because it was the most referred to during the DISCOVER phase or because it 

is the only one in the category that can be directly influenced by Arup. This problem is then reformulated 

as a wish to improve something. 

Lack of time or 

funds

Time of  the process (model making)

Lack of incentive

Lack of trust

Ill-defined role and 

responsibility

Process related 

inefficiencies

Lack of skilled 

engineers

License of tools

Lack of awareness of the benefits of BPS

No link between building performance and client’s business model

Building code requires only simple calculation

Certification methods might not always require BPS

Need of BPS not anticipated in time

Lack of expectation management from the simulation expert

Rare validation opportunities

Too much uncertainties (due to information gap)

Importance of performance factor over other design aspects not pre-defined

Possible shared roles for massing and envelop design between architect and engineers

Responsibility on contractor or consultant depending on contract type 

Difference of pace between design changes and simulation feedback

Lack of operability between BPS tools as well as modelling platforms

Slow exchange of data and results between design team members (segmented sector)

Information gap between data needed and data available

Lack of awareness of latest development

Lack of guidance or motivation to learn new skills 

Lack of training or learning opportunities

Discrepancy in skills and knowledge between junior and senior engineers

Inappropriate tool (e.g. unfriendly user-interface, lack of flexibility)
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Figure 19, From barriers to wishes 

 

3.3. Definition and selection of a product to develop  

The next step is to transform the formulated wishes into potential products.  The products should fit in 

one of the four cells of the table below to be considered bringing positive development in the way Arup’s 

engineers are working. It could either improve the delivery of Arup’s services or propose a new service 

to deliver. This could be achieved by either introducing a cutting-edge solution or diffusing and tuning 

existing solutions. This step is informed by the new trends encountered during the DISCOVER phase. 

Also, product ideas should have a reasonable scope in order to perform within the frame of the PDEng 

project. 

Table 3, focus of efforts and type of development matrix 

 Type of development: 

INNOVATE  

(new services) 

IMPROVE  

(Better, Faster, Cheaper 

delivery of services) 

Focus of 

efforts in: 

Cutting edge solutions 

 

C E 

Diffusion and tuning of solutions A D B F 

Lack of time or 

funds

Need of BPS not 

anticipated in time

Assess cost of not 

performing simulation 

Lack of incentive

Lack of trust

Ill-defined role and 

responsibility

Process related 

inefficiencies

Lack of skilled 

engineers

Lack of awareness of 

the benefits of BPS

Rare validation opportunities

Possible shared roles for 

massing and envelop design 

between architect and engineers

Lack of operability between BPS 

tools as well as modelling platforms

Discrepancy in skills and 

knowledge between junior 

and senior engineers

Implement a well-defined 

integrated design process

Find best way to 

improve interoperability

Find way to learn 

from built projects

Improve internal workflow 

and review process

Let others recognize 

the value of BPS



51 

 

The following ideas were generated:  

• A. Risk assessment tool to assess the cost of not performing simulation  
• B. Cards showcasing the value of BPS to let others recognize the value of BPS 

• C. Business model for new commissioning services based on BMS to find a way to learn from built 

projects 

• D. Early stage parametric design service offer to implement a well-defined integrated design process 

• E. Roadmap towards seamless tool interoperability to find the best way to improve interoperability 

• F. Automation of input and output simulation report to improve internal workflow and review process 
 

Each product idea is placed in Table 3 according to the type of development it provides and the focus 

of the solution. For example, product C proposes to shape a new commissioning service based on the 

new technology of Building Monitoring Systems coupled with BPS while product F uses automation, 

an existing method in Arup to improve the quality and speed of review processes.  

Because not all products can be developed during this PDEng project, a decision matrix is used to define 

which product to focus on for the remainder of the PDEng project. The products are graded according 

to SMART goal criteria on a scale from zero to four. The SMART criteria defines if the product is 

enough: 

• Specific (in term of scope and application, in other word tangible) 

• Meaningful ( it should have a positive impact on the improvement of Arup’s services) 

• Agreed-upon (according to the initial project plan and the PDEng company assignment’s evaluation 

criteria (see Appendix C)) 

• Realistic (in terms of knowledge, skills, resource and time available) 

• Timely (i.e. of current interest) 
 

 
Table 4, Scoring of products 

  A. Risk 

assessment 

tool 

B. Cards 

showcasing  

the value of 

BPS 

C. Business 

model for 

BMS based 

services 

D. 

Parametric 

design 

service 

E. Road map 

interoperability  

BIM-BPS 

F. Automation 

of input and 

output report 

Specific  4 3 2 3 2  4 

Meaningful  2 3 4 3 3 4 

Agreed-Upon 3 4 2 2 1 0 

Realistic  4 4 2 1 1 3 

Timely  1 2 3 4 3 3 

Total Score 14 16 13 13 10 14 

 

Consequently, product B is selected as the one to develop further. 
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4. DEVELOP 
The goal of the tool is to showcase the benefit of Building Performance Simulation with a set of cards 

presenting the value and cost of each simulation. The underlying goal of these cards is to spread the use 

of BPS in the MEP team. The tool is primarily envisioned as a set of cards, but the shape and content of 

the product might evolve during the DEVELOP phase to better serve its goal. The DEVELOP phase is 

also the occasion to learn more about the elements and actors in contact with the future product. 

4.1. Iterative process: Mock-up, Feedback and Inspiration 

An iterative process was adopted to develop the product. The idea is to fail fast and learn from the 

weakness of each iteration. First, a simple 

mock-up was developed and then presented to 

various people that gave feedback, comments 

and suggestions. A set of relevant examples was 

attributed to each feedback to learn from it and 

develop the next mock-up. The university and 

company advisors were the only constant 

persons giving their feedback, the other group of 

feedback givers changed at each iteration 

according to the evolution of the product. 

 

4.2. First iteration:  Why simulate? cards 

The first ideation was based on the fact that the potential beneficiaries of BPS are not informed enough 

about the potential of the various tools at their disposal. They do not recognize the value of the analysis 

or estimate the time, effort and therefore cost as too high. The Why Simulate? cards should correct that 

misinformation. The format of these cards was inspired by existing cards and booklet used internally in 

Arup as shown in Figure 21.  

  
Figure 21, Improving Project Performance Guide (left) and Arup University Cards (right). 

By being able to browse through the cards, which are close-by on their desk, the engineers should be 

reminded of the possibility of using BPS.  

The mock-up includes questions the cards should answer (e.g., Why use this simulation? What is the 

typical input and output? What is the value for the client? How to perform this simulation?). 

Figure 20, Iterative process 
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Figure 22, Presentation of the first iteration of the product. 

Feedback session 

Katharina Schwarz from Arup University and Alexandros Christodoulou, who is a Grasshopper user 

and tool developer, were presented with the mock-up in Figure 22. Below is their main feedback: 

To Keep: Alexandros agreed that there is a need to more systematically share improvements and new 

developments of BPS tools to stay a front-runner in the field of innovative building design.  

Katharina noted that sharing expertise and experience is indeed in Arup’s DNA as well as doing 

something to bring value to the client. Therefore, such a tool seems fit to Arup’s work philosophy.   

To Improve: Alexandros warned about the constantly evolving field of computational design, the quick 

advancement and improvement in the field will make it important to find ways to keep the cards up-to-

date.  

Katharina focuses on the design of the cards themselves: the mock-up shows a card that is quite dense 

and may have too much information. As illustrated by the color code in Figure 22, some questions might 

be more relevant to engineers and users of the BPS tools (green) while others are more targeted towards 

Project Managers (PMs) (pink) or clients (blue). It is important to better define the target audience to 

adjust the product to their needs and way of working. Also, the prototype now consists of a lot of text 

while there might be more efficient and attractive ways to present the information.  

Further action based on feedback 
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Based on these comments, the Drivers of Change Cards were suggested as a source of inspiration for 

making the cards more attractive to look at and think about ways to classify the cards. Later, Project 

StaSiO was also found as a good example of organizing content according to the question it answers.  

Learning from Drivers of Change: The Drivers of Change Cards are meant to be both physical (to 

manipulate during workshop sessions between clients and design teams) and digital (to be kept up-to-

date by the Arup Foresight team that developed them) [43]. The updated set of cards are indicated by 

the 2.0 on the themes. The cards are divided into themes (e.g., climate change, oceans, waste) as well 

as sub-classified in STEEP categories (i.e., Social, Technological, Economical, Environmental and 

Political). The front of the card presents six things:  the theme and STEEP category, the topic of the 

card with a corresponding question and photograph, as well as a powerful fact about this topic. This 

layout should give enough indication to the user to decide whether or not to look at the back of the 

card. The back includes more explanation and some graphs or illustration to support the text.  

 

    
Figure 23, drivers of change digital cards (screenshots and collage) 

 

Learning from Project StaSIO: The Project StaSIO (STAndard SImilation Outputs) [44] is a website 

developed in partnership with the United States Regional Affiliate of the International Building 

Performance Simulation Association (IBSPA). The project aims at gathering examples of input, output 

and case study of “early energy modeling” from American and international simulation communities. 
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Figure 24, Screenshots from Project StaSIO showing a sample of the Questions Menu  

This website presents a library of crowd-sourced examples of simulation which are named by the 

question the simulation answers. These questions are then ordered in categories (e.g., Climate and 

Passive design) and sub-categories (e.g., Temperature, Wind, Solar and Natural Ventilation, Resilience). 

This “questions menu” intends to address two aspects: it should give “project managers and architects a 

general understanding of the types of problems simulation can help solve and when it should be 

implemented. [And it should provide] energy modelers [with] a starting point from which to craft their 

analysis process and consider questions that weren't originally on their radar”[44].    

During a webinar in February 2018 [45], the team behind Project StaSIO explained that a competition 

was organized to encourage energy modeling users to share their input and submit their examples. This 

revealed that voluntary input is not enough to populate the StaSIO library and additional motivation 

should be given to convince users to share their experience. It can also be assumed that participants will 

only share their most impressive work to win the competition, which might not represent the full scope 

of what can be done with simulation. It is interesting, however, that the project team already populated 

the question menu with examples of questions that do not yet link to content as a way to inspire 

participants. The team indeed explains during the webinar that one of the barriers to the use of energy 

modeling is the failure to see it as a way to answer specific questions. Using questions as titles is a way 

to make the connection between the mean and the goal directly.  

 

4.3. Second iteration: a set of digital BPS cards 

Inspired by the Drivers of Change cards, and the Project StaSIO website, the second iteration was a set 

of interactive PDF cards that can be digital and physical. It was aimed at Project Managers (PM) as they 

are considered in the best position to propose the use of simulation for a project due to their close 

relationship to both the clients and the engineers. The set of BPS cards comprised a Question Menu 

where questions were classified in Comfort, Sustainability, Energy Demand and Energy Generation 

categories.  

https://www.projectstasio.com/
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Figure 25, "Instructions"(top left), Themes (top right), Sample of the Question Menu (middle right) and one card example 

(down) as presented to the MEP team. 

Feedback session 

The instructions to use the set of cards, the Question Menu and a sample of three cards were presented 

to the Mechanical engineers in Arup Amsterdam after which a feedback session and discussion ensued. 

Here is their main feedback:  

To Keep: The Questions as titles indeed provide a very intuitive way to browse through the Menu and 

to recognize simulations relevant to a project. The big pictures also make it easier for the user to quickly 

get the topic of the simulation and are more pleasant to look at. The clearly separated information about 

Value and Cost also help to remember the goal of the cards: To better estimate if the value brought by 

the simulation is worth its cost.  

To Improve: The way to highlight Value and Cost could be improved to make it more tangible than text. 

The value of using a certain simulation is well divided between actors (i.e., Arup engineers, direct clients 

and future users) but might sound too generic. Also the cost is well presented with the three aspects of  

time, tool and people’s skill but the range of time to do a simulation highly depends on the experience 

of the user with the tool, which is not reflected in this iteration and might lead the PM to always take a 
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conservative estimation of the time needed to perform the simulation. Similarly, stating which tool is 

needed does not give enough indication to the PM about the difficulties or advantages of the tool.  

Again, the issue of managing the content of the cards was raised, and even though the cards would be 

digitalized and have a defined template, the effort needed to update or create a new card stays 

problematic especially as someone should bear the responsibility of maintaining the quality of the 

content.  

The categories in which the questions are sorted might not be the right ones, or at least there are also 

other ways to categorize that might be more user-friendly.  By thinking of their past projects and how 

they think, the engineers noticed that they are more likely to look at a problem (and hence, which 

question to solve with a simulation) according to the feature of the building project (e.g., Does it have 

an atrium? Will it need shadings? Is there a specific energy system envisioned?).  

 

Further action based on feedback 

Because very few project managers could join this feedback session, it was decided to interview them 

to discover their mindset when asking questions about a building project. Also, Arup Inspire was 

identified as an exemplary way to manage and keep up-to-date information about various innovations 

as well as presenting an attractive way to explore and discover this information.  

Learning from project managers’ way of working: To complement the feedback session with 

Mechanical engineers, three project managers were interviewed individually. Although this individual 

set-up was mainly selected for practical reasons to better accommodate the busy schedule of the 

interviewees, it turned out that this set-up also allowed for highlighting the different types and 

mindsets of project managers.  

The managers were first asked about the way they normally work: how do they interact with clients and 

engineers and how do they influence the use of simulation in a project? The mock-up of the second 

iteration was then quickly presented to the PMs and they were asked whether they could see themselves 

using this product and how they would like to see it improved.  

From the three interviews, all PMs mentioned that discussion is key, both with the clients and the 

engineers, to really understand their need and capacities. The wish of the clients are of course stated in 

the program of requirements, but all PMs preferred also to have a discussion. One of the PMs composes 

a list of all the wishes she gets from the client based on documentation and discussion, and then lets the 

client review this list to ensure agreement. Another PM mentioned that he prefers it when simulation is 

not in the program of requirements but emerges from a problem to solve. He notices that the output of 

the simulation is then more meaningful to the project than when the clients request it by default. Finally, 

the third PM also mentioned making a list of questions to solve, mostly with the engineers working on 

the project. These remarks are in line with the idea of the product to define simulation as answering a 

specific question rather than a task in itself.  

It was also clear from the interviews that simulation is not the perfect tool for all projects but rather 

something to apply with care according to the goal of the client, the possibility within the timeframe of 

the project and the importance of the problem the simulation solves. Therefore, a tool to help the 

manager define whether a simulation is worth its cost on a project basis also made sense to the 

interviewees. To summarize, the PMs have to answer these three questions before deciding to use BPS:   
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1- What is truly the problem to solve? What does the client really need?  

2- Do we need a simulation to solve this problem?  

3- If yes, what can we offer to the client? What kind of simulation and with which tools? 

 Although they all felt like they were aware enough of the state of the art of BPS to answer these 

questions, they also recognized the value of having a way to keep a record of the possibilities of BPS. 

For all three PMs interviewed, simulation occurred only once a clear problem had been identified. 

However, the interviews showed that PMs have different approaches in the way they influence the use 

of simulation: 
  

• Adapting the cost of BPS to the client: Discussing with the lead engineer about the possibilities of 

doing a certain simulation with an amount of detail that fits the ambition of the clients. A fee 

proposal that corresponds to their budget can be made after this discussion.  

 

• Pushing the possibilities of BPS: Discussing with the engineers the most efficient way to answer 

the questions of the client within the existing predefined timeframe.  

 

• Convincing the Client of the value of BPS: Assessing which simulation could help solve the clients’ 

problem and showing them reference projects, brochures or demonstrations of what Arup could do 

(with simulation) to convince them to pay for this service.  

 

Accordingly, PMs saw different additional goals for the cards:  

• Select the right tool: the cards could become a sort of calculation plan for the engineers to see the 

different ways of solving a problem (e.g., from simple excel calculation sheet to state-of-the-art 

simulation). By showing the complexity level of different tools, the clients’ wishes and the skills 

of the engineers can be matched with the right tool. This should also help the transition from 

conservative methods to more innovative ones for the engineers. 

 

• A game to stay up-to-date:  Using the cards inspired a PM to propose their use in an interactive and 

playful way to keep the knowledge of the PMs up-to-date about the state-of-the-art of BPS 

 

• A showcase for the clients: Because clients need to be convinced, or at least informed, about the 

services that Arup can offer, the cards could play the role of a brochure or portfolio to present to 

the clients.  

 

Regarding the mock-up of the cards, all participants agreed that a pleasant design would indeed make 

them more likely to use the cards. PMs have a lot of text documents to read and any means to make the 

cards more engaging is welcome. The format of cards, however, was questioned: physical cards may be 

more engaging but will probably end up forgotten in a drawer after a while. Plus, PMs are often moving 

from the office to the clients or to a construction site. Thus, access to a digital version of the cards would 

be preferable.  

Learning from Arup Inspire: As inspiration for the next iteration, the Arup Inspire Platform is taken 

as an example for its digital management of content. An Analyst from the Foresight team was 

interviewed to better understand the challenges and key parameters to put such a platform in place. 

Arup Inspire is a tool for strategic thinking and inspiration developed by the 

Foresight+Research+Innovation team at Arup. This tool supports the Horizon Scanning value chain 

which is defined as “the strategic and systematic identification, analysis and communication of signals 

of change” by “improving the effectiveness of how insights are collected, processed, and 
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communicated”[46]. The Insights are similar to what is defined as Cards in previous iterations and they 

present “emerging ideas, case-studies and concepts from across the globe impacting the built 

environment as a whole. It captures the state-of-the-art, the possible, and the surprising.”[47]  

 

Figure 26, Screenshot of the Arup Inspire interface 

Felicitas zu Dohna, analyst in the Foresight team, shared her experience with setting up such a platform:  

“Find the right way to organize your information according to your users, with high-level categories and 

possibly sub-categories.” Arup Inspire has two high-level sets of categories to sort the Insights: by 

themes (e.g., building, mobility) or by STEEP aspects (Social, Technological, Economic, 

Environmental, Political ) and a system of tags to allow more specific searches. The tags are particularly 

useful to organize and filter content. Tags should define the Insight but also group them under a more 

general term. The challenge is to find the right balance between specific and general terms which the 

Arup Foresight team does by conducting workshops where people are asked to do a search on a certain 

topic and by asking specialists to share their vocabulary. 

The tool also allows the user to check the maturity of the Insight (Now, New or Next) and to display the 

Insights by geographical region on a map interface. This brings up an important aspect of the Inspire 

platform: There is a team in charge of curating this collection of Insights. The team consists of two 

managers, two part-time researchers and two interns. Their selection criteria are : 

-The Insights should have a primary or secondary relevance to the Built Environment. 

-The Insights should be innovation, i.e., something not done before or something clever and 

fairly new that represent the best practice. 

-The Insights should be balanced across themes, STEEP and Regions. (The Editorial team may 

apply a weighing system or prioritize certain current topics.) By making sure that each category and 

region is well represented allows the users and curators to escape bias.  
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4.4. Third iteration: a “Why Simulate” platform 

The mock-up of what a WhySimulate digital platform could look like was developed in the third 

iteration. The mock-up takes inspiration from the Arup Inspire platform and from the project StaSIO 

website as it aims to display simulation examples from the Arup community through an engaging 

interface. 

Taking into account the feedback from project managers and mechanical engineers, the Why Simulate 

Platform strives to provide a way to stay up-to-date with the latest development of BPS. This is done 

with various paths to look for and discover cards (e.g., by categories or by typing keywords) and various 

display options of the search results (e.g., with a grid of graphical output examples or a list of questions).  

 
Figure 27, home page of the WhySimulate platform 
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Figure 28, examples of cards in the WhySimulate platform 

Once the user selects an interesting card, the platform displays examples of graphical output from the 

simulation, example of a question the simulation solves and a short description of what it does. The cost, 

design stage and overall appreciation of performing this simulation would be recorded with the reviews 

from simulation users. Furthermore, relevant links to existing resources within Arup (e.g., people able 

to perform the task, projects which used this simulation, existing guidelines) would be displayed.  

Feedback session 

During the development of this iteration, a message was posted on the relevant Arup forum to get 

feedback from the whole Arup community. The main question to the forum was how relevant this 

platform seems to the rest of the Arup community and whether existing tools related to the WhySimulate 

platform could be linked to it. Few but enthusiastic answers were collected. They were mainly praising 

the idea to help PMs estimate the cost of simulation. Furthermore, the Team working on a new global 

Tool Register and the team gathering workflows to guide engineers through Building Performance 

Optimisation (BPO) were mentioned.  

Further action based on feedback  

Both teams mentioned in the forum were performing work closely linked to the goal of this PDEng. The 

next step was, therefore, to contact them to gather their opinion on the product of this PDEng and see 

how the current efforts could eventually be combined.  

Learning from the Building Performance Optimisation Invest in Arup: The BPO IiA project aims 

to “facilitate the use of computational tools in the optimisation of building performance by collecting 
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and developing workflows” and guiding the engineers to use the “proper and validated tools at the right 

stage”, to follow the “correct compliance guides, standards and building regulations”, and the “correct 

data in the right format”, as well as “supporting them with previous case studies, report and 

presentation”. The goal of this IiA is very much in line with the idea that the platform could help share 

the experience and knowledge of some to others. Although a team of six experts (each in a different 

discipline) is deployed on this R&D project, the population of this workflow library is a long process 

that could use the input of other experts within the Arup community. The team created a template to 

gather the workflow charts under the same format which increases the clarity of the information. 

However, this work might lack visibility, as it seems to happen for a lot of IiA projects. Additionally, as 

the library grows, the more difficult it will be to look for a workflow, and the current solution of the 

team might not be very inviting for PMs to search it, as can be seen in Figure 29. Karim Dada, the team 

leader of the IiA agreed that the WhySimulate platform could be a great interface to reach the workflows. 

 
Figure 29, search page of the BPO workflow library 

 

Learning from the Tool register: In parallel and on a bigger scale, the Tool Register is being developed 

by Arup’s Automation Task Force. This online register will be visible from the Arup intranet, also called 

digital workspace, and will act as a global and single register to find all the tools used in Arup for all 

disciplines. It should, in time, replace all the various lists of tools created by different offices, teams, 

and skill networks. Similarly to the WhySimulate platform, the Tools Register aims at enabling “Arup 

staff to find the right tool at the right time.” It also intends to “enable leaders (at various levels) to guide 

the definition of “the right tool” and enable Arup toolmakers to share their tools, avoid duplication and 

accelerate innovation” 

The Tool Register is to be released with its basic functions before being incrementally improved. The 

interface of the Tool Register was tested during the User Acceptance Testing (UAT) phase of the 

development. At this stage, the Tool Register is mainly focused on listing the tools and sending the user 

to the right place to download it. The categories to find a tool are quite broad, i.e., tool type or 

communities (equivalent to disciplines). The search function is quite sensitive to spelling and is more 

useful to directly go to a specific tool rather than exploring by typing keywords.  
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Figure 30, Screenshot of the Tool Register interface during the UAT phase 

Because the Tool Register is open to all disciplines it is more generalist but still manages to display 

useful information in a condensed way (e.g., user rating with stars).  

 

4.5. Summary and design requirements 

Figure 31 summarizes the iterative process which occurred during the DEVELOP phase. From the 

input collected during the various feedback sessions, the following requirements for the product to 

deliver are formulated:  

• Inspirational and pleasant to use 

• Various paths of exploration  

• Condensed and meaningful information 

• Helps in assessing value and cost of BPS  

• Gives an overview of possible tools for a specific task 

• Connects with existing platforms and resources 

• Facilitates sharing of new tools and analysis 

• Feasible content management mechanism  

 



64 

 

 
Figure 31, summary of the iterative process of the DEVELOP phase 
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5. DELIVER 
Based on the feedback and iterations tested during the DEVELOP phase, the DELIVER phase focuses 

on refining the final product as a digital platform showcasing the value and cost of performing various 

Building Performance Simulation tasks based on the experiences of the Arup engineers.  This phase 

makes use of personas and user journeys to imagine a realistic use of the platform by Arup employees. 

The agreed-upon deliverables are a blueprint of the digital platform so that a programmer can understand 

the intent of the platform to create it and a mock-up of what the platform could look like to present to 

the management team which will be the one to invest in such a platform. This demonstration will be 

supported by a business model canvas to present the value of making such internal tool.   

5.1. Goal of the final product 

The main goal of the platform is to help project managers see the value and potential of BPS so it is 

effectively used for the projects that could benefit from it. The platform is named SimulationExplorer 

as it should help PMs to find or discover relevant simulations which they were not necessarily aware of.  

The first step is to let PMs identify the opportunities that BPS offers as early as possible during the 

design process. The second step is to estimate the value and cost of performing the simulation to make 

the use of BPS a conscious and informed decision rather than an accumulation of circumstances. The 

third step can be to find relevant information to make the best use of BPS by the engineer (e.g., finding 

experienced users to ask for help or related guidelines and best practice workflow) and/or to find relevant 

material to present to the client to show the value of doing such a simulation (e.g., previous successfully 

built projects using this simulation, positive feedback from previous clients thanks to this simulation.). 

The platform would be accessible to Arup engineers who are also the ones sharing their experience with 

simulation on projects. 

 

Figure 32, high-level use case diagram of the SimulationExplorer digital platform 

Within Arup, the SimulationExplorer platform should help better connect information regarding the use 

of BPS already existing within the different platforms.  These platforms are:  
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-the research and development proposals and reports repository Invest in Arup,  

-the discussion forums,  

-the Tool Register where tools can be added and reviewed by users,   

-the People page gathering contact info, expertise level, Curriculum Vitae and shared content,  

-the Project page requesting to report lessons learned at the end of each project, 

-the internal training catalog and registering platform Moodle,  

-the library of best practice workflows for Building Performance Optimisation BPO, 

-the client relation overview page Client 360°,  

-and the repository of all images, videos and brochures Asset Bank. 

 

 

Figure 33, the SimulationExplorer platform gathers and display information from existing platform. 

 

5.2.  Refining the content of the Question card 

Although the product evolved to take the form of a digital platform, its content remains the same: an 

overview of the value and cost of performing a certain simulation. The cards were replaced by Question 

Card pages and this section presents the improvement made to these pages during the DELIVER phase. 

Using hand-drawings and wireframing tools helped to improve the content of the Question card pages 

and see what is important to keep to let the project managers quickly see the most important information. 

The preferred draft of the Question card page can be seen in Figure 34 with coloring based on Figure 

32. 

The problem to solve is on the top of the page and the different tools answering that problem are found 

in tabs below it. For each tab, the page displays a Value column, a Cost column and a column with all 

relevant links to gather more information.  
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Figure 34, wireframe template of a Question card page 

A more elaborate mock-up of the Question card page is displayed in Figure 35. 

 
Figure 35, screenshot of the mock-up of SimulationExplorer 
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On the Value side, the page shows the type of output that can be generated with the simulation with 

both a description of the performance indicator and an example of graphical output, the capabilities of 

the simulation tools are highlighted and the review section allows the users to share their experience 

more freely.  

Furthermore, the users are rating the pros and cons of using this simulation (and simulation tool) in 

their projects to form a pros and cons average rating score. 

One the Cost side, a graph gathers the various user experiences to display a learning curve graph that 

shows how much time should be accounted for to perform the simulation according to the level of 

experience of the user with the tool. Since each point of the graph corresponds to an experience with 

the tool, the graph also gives an indication of how much this tool is used. The input and requirement to 

perform the simulation are summarized in the Need section. And the inconvenient of the simulation 

can also be recorded in the review section.  

Finally, the right side of the page proposes to find more information regarding users, projects, tools, 

guidelines, and tags. Each of these categories could link the user to the corresponding platforms and/or 

to the other Question cards related to users, projects, tools, and tags.  

This process of a first draft with wireframe and further design with a mock-up was conducted for each 

typical pages of the SimulationExplorer platform.     

5.3. Implementation and maintenance options 

SimulationExplorer is essentially a search engine that allows the users to browse through a database of 

Question cards.  This section considers how this database could be populated and what the advantages 

and drawbacks of each option are. An illustration of these two options can be found in Appendix D. 

Option A, Integrated platforms: Ideally, the existing Arup platforms (e.g., Project page, Client 360°) 

could be augmented with fields concerning BPS so that the SimulationExplorer is only the interface 

where this information is compiled and displayed. This approach would avoid duplicating efforts in 

sharing knowledge and would reinforce the use of the existing platforms that employees already use. 

This integration of the platforms together was deemed feasible by Veronika Heidegger, a software 

programmer from Arup, to which the SimulationExplorer was presented. It requires having access to 

the Application Program Interface (API) of each platform, which is not the case at the moment. Aside 

from the technical feasibility, this option presents a couple of risks:   

• Because the data would be collected from different platforms, there is no way to make sure that 

each of these platforms is properly filled which might result in blank fields and missing 

information in the SimulationExplorer. 

• Connecting the platforms together might also present problems when one of the platforms is 

modified or deleted altogether. 

 

Option B, User forms: Another option is to make use of an online form accessible from the 

SimulationExplorer platform. This form would be mandatory to fill-in as part of the project closing 

procedure, to collect the information regarding the simulations performed during the project, if any. The 

form could also be used voluntarily by new employees willing to share their previous work or engineers 

looking to share their new workflow or tool. 

• While this option requires more involvement from the Arup community as employees need to 

actively remember to fill-in this new additional form at the end of the project closure, it should 
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also allow for better control of the information filled in. For example, the form could have some 

mandatory fields to fill-in to be able to submit the form.  

• A typical problem with this type of platform is that the enthusiasm for using it drops over time 

and people might even forget about it. Some mechanisms could be put in place to mitigate this 

risk by for example placing up-dates and new Question cards in the internal newsletter.  

 

5.4. User Journeys 

The SimulationExplorer platform should be easy to navigate and offer various paths of exploration. 

Figure 36 is a diagram showing the different pages of the platform and how to navigate between them. 

The home page displays by default the latest Question cards in a list but the results could also be 

visualized in a grid, if the user of the platform is mostly interested in graphical outputs, or in a map view 

if the user is interested in the location. The results page allows to select a Question card, leading to the 

Question card page presented in section 5.2. This page could link to two types of summary pages. One 

focusing on comparing the different tools that can be used to perform the selected simulation: the Tool 

Comparison page. And one to see all information related to the Question card and selected tool tab (i.e., 

projects for which the simulation was performed and corresponding users, clients and images, as well 

as related tools, guidelines, trainings and discussions). Finally, relevant external Arup pages are linked 

to the platform.  

The different pages of SimulationExplorer are drawn as icons so they can be used for the user journey 

mapping. 

 

 
Figure 36, diagram of the pages of the platform 

A user journey is a scenario shown as a series of steps to demonstrate how the users could interact with 

the platform [48]. User journeys are often based on personas. Each persona represents a particular 

audience segment for the platform and captures a person’s motivations, frustrations and general 

character. Although fictional, the personas are based on real users. In this project, personas are based on 
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interviews conducted with PMs during the DEVELOP phase and also uses information gathered while 

looking inside during the DISCOVER phase. Meet the personas:  

The Project Managers 

Femke is a project manager with a focus on circularity, she is often involved in 

consortium projects which are very ambitious in terms of innovation and sustainability 

but might be a bit vague in how they will be developed. She likes to attend the many 

lunch lectures in the office but is also often away on construction site. 

Claire is well acquainted with Building Performance, she is even looking at how to make 

better use of it for commissioning purposes, but she is also careful about how to present 

simulation results to the clients. She often does not have the time to do the simulations 

herself and needs to delegate that task to someone else. 

Bert is specialized in the cultural market: museums, concert halls, libraries. The quality 

required for these programmes lead him to often refer to the same acoustic and daylight 

experts, but it is sometimes difficult to make the client understand what Arup can offer. 

He also does not mind asking for help from other Arup offices but may not know what 

they are capable of until he is confronted with a problem 

The engineers 

Panos knows his tools. He is more comfortable with Grasshopper than Excel and always 

finds time within a project to improve his scripts. He is also part of the Optimizers team 

(the informal team of parametric design enthusiasts of the office) and is looking at ways 

to share these skills so he would not be the only one in the MEP  

team to know how to perform these simulations.  

Jake is joining the Amsterdam office for a long-term assignment from the Boston office. 

He may not need to learn Dutch but he definitely wants to discover the tools and 

workflows his new colleagues are using. He is proficient in energy modeling and he is 

always looking for the most efficient and meaningful way to do his job. 

Olivia is a graduate engineer in the Milan office. She recently joined the Europe training 

on parametric design for energy-efficiency and she is taking every occasion she gets to 

apply her freshly acquired skills. She is not always completely sure of what she is doing 

though and often spends hours debugging her scripts.  

 

Now that the personas have been introduced, they can be applied to scenarios to imagine how they would 

use SimulationExplorer. Each scenario includes the goal of the personas, the steps they take (with short 

text and illustrations) and a title summarizing the capabilities of the SimulationExplorer presented in 

this scenario.  

 

Quick Scan and making of a fee proposal 

The user journey map presented in Figure 37 explores the scenario where Femke wants to find out more 

about the possibilities of parametric design at an early stage which she heard about during a Monday 

meeting a few months ago. At the time she could not attend the lunch lecture on this topic. She is now 
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starting a residential project with a municipality that has high sustainability and quality of life ambitions 

and wants to discover what parametric design could bring to her client.  

 
Figure 37, Femke's user journey 

The digital workspace is an intuitive place to look for Arup’s applications which is why 

SimulationExplorer should have a tile on this intranet homepage. Rather than going through the list of 

lunch lectures of the past months in a folder somewhere on the drive, Femke can directly go to the 

SimulationExplorer platform. Although she knows what she wants from the tool (i.e., parametric 

capabilities) it is unlikely that she has a preference for a specific tool. Therefore the tools should be 

grouped in categories so the users can decide to select the category itself or a specific tool. Once she 

selected the Question cards that can be relevant to the project, she can see all the projects that used that 

analysis and select which ones will be more inspiring to the client to put in the fee proposal.  

Matching tools and people 

Claire’s scenario presented in Figure 38 looks into the case where she has a project with an atrium, she 

knows from experience that overheating problems might occur in this space and is wondering which 

tool to use to conduct thermal comfort analysis and who could help her with that. By sorting her results 

by popularity she will first see the Question cards with most reviews and therefore the ones more likely 

to have many users. Once a Question card is selected based on her question regarding overheating risks 

she can compare the different tools at her disposal.  
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Figure 38, Claire's user journey 

Based on this user journey it was concluded that the tool comparison page should at least display, for 

each tool:  

• The different question cards they relate to (meaning which other questions they answer). 

• The number of users (with the possibility to know who they are or at least from which Arup 

office they are). 

• The license status of the tool within Arup 

• The languages of the tool.  

 

Based on this information, Claire could decide which tool to select and who to ask to perform the 

simulation easily. 

Staying curious 

Bert’s user journey in Figure 39 imagines how a PM could use the platform to stay up to date in his 

field of interest. The option to save Question Cards as Favorite could allow him to return to his 

selection a few months later when he encounters another project with an important auditorium. By 

looking for similar Question cards, he could check if more recent analyses have been added and see 

what the state-of-the-art is in Arup for simulations relevant to auditoriums. If Bert determines that this 

new type of analysis makes sense for the project, he could propose it to the client knowing that the 

analysis could be done by an Arup engineer, no matter in which office.  
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Figure 39, Bert's user journey 

Although SimulationExplorer is primarily intended for project managers, engineers will also have access 

to it and will be the ones sharing their information, therefore, envisioning how they would use the 

platform is also important. 

Sharing experience and making new contacts 

Panos was the lead MEP engineer for a project where simulations were used to inform the design of a 

big photovoltaic (PV) system on the roof of an educational building. He was appointed by the project 

manager to fill in the form concerning BPS. Having used a grasshopper script of his own making, he is 

happy to add a Question card to the collection following the simple steps shown in Figure 40. This 

scenario raises the question of how to avoid duplicate Question cards. The SimulationExplorer should 

recognize similar Question cards based on the filled information and propose potential matches before 

publishing a new card. It is then up to the users to add their tool as a tab to an existing Question card or 

to create a new one. In both cases, the updated or new Question card should appear first in the home 

page of SimulationExplorer where results are, by default, sorted by date. 

Meanwhile, in Milan, Olivia is looking for existing Grasshopper scripts she could use on her project to 

apply her newly acquired Grasshopper skills. By specifying which parametric tool she is interested in 

she could see all the Question cards that can be solved using Grasshopper. In the case where she would 

encounter difficulties with Panos’ script, she could directly contact him to find a solution. Once the 

script was successfully used for her project, Olivia can add her review of the script to the 

SimulationExplorer platform so her lesson learned can be beneficial to future users.  
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Figure 40, Panos and Olivia's user journeys 

SimulationExplorer focuses on the questions that can be solved using simulation. While PMs are 

interested in what can be done and for how much effort, the engineers are more interested in the details 

of how it can be done and with which tools.  

Seeing the current state of the art by region 

The user journey of Jake in Figure 41 look at another possible use of the platform. Jake is joining the 

Amsterdam office and wants to see what kinds of simulations are performed by his new colleagues. By 

selecting the map view, he can target his search on the Netherlands which will reveal Questions cards 

linked to the Netherlands either because a project or a user in the Netherlands used this simulation. 

 
Figure 41, Jake's user journey 
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Imagining that he refines his search by typing on the search field. The tagging system should be flexible 

enough so the way to spell “modeling” (with two L or only one L according to British or American 

English spelling respectively) results in the same filtering. Also, one Question card could be answered 

with various tools, visible in tabs. Some of the tools in the same Question cards might be used in the 

Netherlands while others may not. For Jake’s purpose, this differentiation should be visible by either 

highlighting the tabs that correspond to his search criteria or by making this information (i.e., the tags 

used to order the cards) visible to the user.  The additional benefice of SimulationExplorer in this 

scenario is that Jake can quickly find relevant training to develop skills that will be useful for his career 

in the Netherlands.  

 

5.5. Blueprint and Mock-up of SimulationExplorer 

Based on the previous iterations and the information gathered from the DEVELOP phase about the future 

users of the platform, a blueprint of the platform can be drawn. The background colors refer to the color 

in Figure 32 and the color coding of the existing Arup platforms corresponds to the color used in Figure 

33. The question pages correspond to the previously developed cards, showcasing the value and cost of 

performing the simulation. The big improvement of having a platform is the capability to search, browse 

and explore through this database of cards. The project managers should have the possibility to search 

for simulations directly by typing keywords, the same way anybody does an internet search, or to explore 

via the different categories. The categories (i.e. Performance, Feature, Market, Compliance and Tool) 

were developed based on the PMs’ interviews and were further developed with the user journeys 

presented in section 5.4. The results of the search can be sorted by location, date of last review or 

popularity (i.e. number of review of a Question Card). The option to save favorite cards was borrowed 

from the Arup Inspire platform which allows users to quickly find back cards they had previously 

spotted.  

 

 

 

Once on the Question Card page, the tools answering the selected design or engineering question can 

be compared one-by-one or by using the Quick tool comparison page. Similarly, the user can either 

find links to previous users, projects, guidelines or tools by clicking each button or by accessing the 

Overview page. From there, the user of the platform can be redirected directly toward the existing 

Arup platform (e.g. Project page, Client overview, Invest in Arup database). The Project, people and 

tool pages of the SimulationExplorer should also display the other Question Cards that are connected 

to a particular project, engineer or tool. This feature allows the user of the platform to discover new 

simulations.  

Figure 42, legend of the blueprint 
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Figure 43, blueprint of SimulationExplorer platform 

Aside from the blueprint of the product, a mock-up was created to give an idea to the management team 

about how the platform could operate and what it could look like. This mock-up is based on the elaborate 

wireframe images such as the one displayed in Figure 35 and the sequence of images is informed by the 

user journeys. A video showcasing this mock-up can be found in the TU/e repository by following this 

link: https://data.4tu.nl/repository/uuid:123503e0-cead-4c1e-8718-ff8a12b13c7f/DATA or looking for 

the Digital Object Identifier: 10.4121/uuid:123503e0-cead-4c1e-8718-ff8a12b13c7f. 

 

Figure 44, Screenshot of the video showcasing the mock-up of the SimulationExplorer 

https://data.4tu.nl/repository/uuid:123503e0-cead-4c1e-8718-ff8a12b13c7f/DATA
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5.6. Digital Platform business model canvas 

This section describes the last deliverable for the PDEng project: a business canvas demonstrating the 

economic feasibility of the SimulationExplorer.   

The digital platform involves three categories of stakeholders. Firstly, the management team which is 

pushing the use of digital tools to inform the building design and which would be the one implementing 

the platform. Secondly, the BPS tools users and developers who want to share and spread their 

knowledge and the project managers.  Lastly, the BPS tools users, engineers and project managers who 

are looking for the best way to deliver high-quality buildings to their clients. The digital platform 

business model canvas developed by ICSB, a marketing and strategy firm, makes visible the users of 

the platform from both the customer and the producer side as well as the initiator of the platform that is 

yet another party. In this case, as can be read in the canvas in Figure 45, the initiator is the management 

team while the producers are engineers sharing their experience with BPS tools and customers are 

engineers and project managers looking for the best tool to answer their design questions.  

 
Figure 45, digital platform business model canvas 

The main interaction between customers and producers is the exchange of experience about the use of 

the BPS tool while the initiators gain in investing in this platform by improving the services offered by 

Arup and subsequently gaining more work and/or clients. 
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6. Conclusion, Discussion and Future work 

6.1. Conclusion 

This PDEng project started with the question “How to reduce the barriers to valuable and profitable use 

of Building Performance Simulation in building consultancy for Arup Amsterdam ? ” and ended with 

the blueprint for a SimulationExplorer platform. By using a design thinking approach, an overview of 

the barriers to the use of BPS in the design process was presented and the problem was redefined to 

focus on “how to let others recognize the value of BPS?”. The first idea of a collection of cards 

showcasing the value and cost of doing simulation evolved to a digital platform via several iteration 

loops informed by user’s feedback and further research. 

In the end, the developed SimulationExplorer platform harvests the knowledge of BPS users existing 

within Arup and invites project managers to discover the possibilities that BPS can offer for different 

projects. Based on the design requirements gathered from the feedback sessions, SimulationExplorer 

manages to:  

• Present an attractive design that should inspire the project managers by using various ways to 

display the search results (i.e. list of questions, images of output or map view). 

• Propose various ways to explore the database of cards, based on PMs mindsets (e.g. by building 

feature, type of performance or market). 

• Provide condensed yet meaningful information by displaying the value and cost of simulations 

from the various users’ experiences of a simulation.  

• Help project managers in assessing the value of BPS (by seeing examples of graphical output 

and reading short summaries of the capabilities of a simulation)  as well as the cost of BPS (by 

visualizing the time required to perform a simulation according to users experience level and 

reading summaries of the input required and the limitation of a simulation). 

• Give an overview of the possible tools for a specific task by grouping the examples of simulation 

made with different tools under the same question they answer. 

• Connect with existing platforms and resources as an additional feature of the platform 

• Present a feasible content management mechanism with user forms or platforms integration 

• Facilitate sharing of new tools and analysis by using existing sharing mechanisms at the end 

of every project. 

  

The strength of Arup comes from its visionary and ambitious management strategies as well as from its 

skilled and knowledgeable engineers full of initiatives. The use of BPS is encouraged from the top with 

the wish to embrace the digital transformation of the AEC industry and pushed from the bottom by the 

engineers taking initiatives in improving the way they do their work. The platform, developed in this 

PDEng, helps connect these initiatives and spread the skills of some engineers to more of them, in a way 

that allows the management team to keep an eye on the progress of this diffusion. The platform places 

itself among existing platforms which are at the core of Arup’s work environment. This strategy should 

improve the visibility of the platform and revitalize the sharing mechanism of the existing platforms. 

 

Although the platform was mainly aimed at addressing the lack of incentive to perform BPS, it is 

believed that the product of this PDEng project helps to some degrees in softening other identified 

barriers as illustrated by Figure 46. 
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Figure 46, Influence of SimulationExplorer on barriers to the use of BPS 

6.2. Discussion 

On the design-thinking approach  

The design thinking approached allowed developing a solution that could not have been guessed at the 

beginning of this project. This approach was ideal to tackle the broad initial statement. Also, the presence 

of the PDEng trainee in the company was essential to the success of this project. Being close to the users 

and attending many organizational meetings that might at first seem irrelevant to the project’s topic 

allowed to (i) empathize with the users, (ii) discover little aspects of the work environment that have a 

significant impact on the use of BPS, (iii) discover and explore the many resources available in Arup.  

Creative methods to report on user experiences such as storytelling and user journey mapping were 

found most efficient to realistically translate observations into users’ need. On the other hand, it was 

found that feedback sessions in a group seemed less efficient in collecting the opinion of many 

individuals. These sessions could have been improved by using more interactive methods such as 

brainwriting rather than brainstorming so that every participant can more easily dare to share their ideas.  

On the final product 

The SimulationExplorer platform seems like the perfect tool to diffuse the use of BPS in Arup, however, 

certain risks should be considered:  

As mentioned in section 5.2, the platform might appear as yet another media to pay attention to. The 

idea is, of course, to filter and gather information regarding BPS so that the platform avoids information 

overload. It should be accessed at any point in time without giving the user the feeling that they missed-

out information by not following the latest additions. However, it is important to remind users and most 

importantly BPS users to systematically share their experience and examples of the use of BPS.  

 

Because of the close link between simulations and simulations tools, it can easily be misunderstood that 

the SimulationExplorer is a tool finder which is actually only a secondary feature of the platform. 

Therefore, there should be no overlap between the future development of the Tool Register and the 

SimulationExplorer.  
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6.3. Future work 

Although the defining phase carefully took into consideration the fact that the final product should be 

realizable by the PDEng trainee, the development phase led to a product that could not be completely 

produced and finalized.  Therefore, the actual designing and programming of the platform will be the 

future work of a user interface designer and a software developer with the mock-up and blueprint as 

guidelines.  
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Appendix 
 

A. List of tools in the Building Services team in Arup Amsterdam 

 

 

 

  

TOOL NAME DEVELOPER TYPE FOCUS DESCRIPTION/KEYWORDS HOW TO INSTALL Annual Cost CUSTODIAN

LAST UPDATED:  

4/30/2018
Instructions

Apartment Quality Arup Grasshopper Scripts Building Modeling

Simulates noise and lighting performance 

given a Rhino model.

Arup Psychrometrics Handsdown Software Stand-alone_Software Psychrometrics psychrometric chart plotting and calcs

AWADUKT Thermo REHAU Stand-alone_Software Equipment ground air heat exchangers calculations

BEANS Oasys Stand-alone_Software Thermal Modeling thermal analysis

Climate Consultant Murray Milne Stand-alone_Software Climate climate data plot

Convert Joshua F. Madison Stand-alone_Software Converter/Editor units conversion software

Daylight NEN Compliance Arup Grasshopper Scripts Daylight/Lighting calculates shadows and daylight levels

Dialux Dail Stand-alone_Software Daylight/Lighting lighting level calculations

Elements EPG VABI Stand-alone_Software Thermal Modeling energy performance index

Elements Gebouwsimulatie VABI Stand-alone_Software Thermal Modeling temperature simulation

Elements Gebouwsimulatie VABI Stand-alone_Software Thermal Modeling cooling load

Elements Warmteverlies VABI Stand-alone_Software Thermal Modeling heating load

ENORM DGMR Stand-alone_Software Sustainability energy performance index
EPA-W basis + maatwerk + 

groepen VABI Stand-alone_Software Sustainability existing buildings energy calculation

EPC Façade Calc Arup Grasshopper Scripts Sustainability

Calculates façade quantities from Rhino 

model for input to EPC calculation

IES-VE IES Stand-alone_Software Thermal Modeling thermal, daylight analysis

Kubus Spexx Kubus Stand-alone_Software Specifications specification editor

Lifecycle Cost Vision LCC Online_Interface Cost Calculation

capital costs, mechanical costs, electrical 

costs, maintenance costs, energy costs

Noise Level on Façade Arup Grasshopper Scripts Building Modeling

Estimates ambient noise based on rhino 

model façade and noise source

Pipe Flow Expert Arup Stand-alone_Software Hydronics

hydraulic pipe system calculations, pressure 

drop calculations, pump sizing

Radiance U.S. Department Of Energy Stand-alone_Software Daylight/Lighting calculates shadows and daylight levels

Revit Space Data export-import Arup Dynamo Scripts Converter/Editor

Quickly import/export information between 

Revit and excel

Revit to IES Arup Grasshopper Scripts Converter/Editor

Exports space and façade data to be imported 

into IES for modelling

SingleCable Amtech / Trimble Stand-alone_Software Equipment

electrical design tool, calculations to BS7671 

for single circuits

STABU Bwbrd Stabu Stand-alone_Software Specifications specification editor

Trisco to Rhino Arup Grasshopper Script Converter/Editor ?

Weather manager Autodesk Stand-alone_Software Climate climate data plot
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B. Modeling project workflow chart 
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C. Evaluation Criteria of company assignment  
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D. Illustration of the two implementation options on the blueprint 

 

 
Figure 47, blueprint of SimulationExplorer platform (integrated option) 

 

 
Figure 48, blueprint of SimulationExplorer platform (user form option) 
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