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1. Introduction  
In the process of bidding for contracts, architects produce 3D mock-ups of proposed designs. 
The rendering of these designs into photo-realistic animations or still images requires large 
amounts of computing power, which is only required for short periods of time (normally 
immediately prior to the submission of bids). 

Grid computing service providers allow customers to use computing resources on demand, 
obviating the need for architects’ offices to invest in expensive hardware that lies dormant for 
most of the time.  

As part of Business Experiment BE03 [6], CETIC have developed a web portal application 
which provides users with a simple interface for submitting rendering jobs to a Grid. Behind 
the scenes, the portal does all the hard work of locating resources and deploying the 
rendering software. 

This document starts with an introduction to the architecture industry, including a description 
of how CAD models are rendered into photo-realistic images, the process of calls to tender 
and the limitations of their current workflow. We then introduce the Grid for Architects 
solution and the benefits it brings from the use of Grid technology. Section 5 describes in 
detail the technical aspects of Grid for Architects. Section 6 investigates the potential market 
and competition for Grid for Architects. Sections 7 and 7.2 describe the business offering 
being prepared by CETIC. The document is summarised in section 8. The Annex contains 
some more information on the business offering. 

 

1.1 References 
 [1] Figures from Mental Images and Autodesk 

 [2] Figures from the Belgian professional order of architects, 
http://www.ordevanarchitecten.be 

 [3] YafRay Open Source Renderer, http://www.yafray.org/ 

 [4] RealityServer real-time renderer, 
http://www.mentalimages.com/2_3_realityserver/index.html 

 [5] Globus Toolkit Grid Middleware, http://www.globus.org/toolkit/ 

 [6] Business Experiment 03, Virtualisation and Virtual Reality, 
http://www.beingrid.eu/index.php?id=be3 

 

1.2 Glossary of Acronyms 

Acronym Definition 

CAD Computer Aided Design 

SME Small to Medium Enterprise 

BE Business Experiment 

BEinGRID Business Experiments in Grid 
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ISV Independent Software Vendor 

QoS Quality of Service 

SLA Service Level Agreement 

SOHO Small Office / Home Office 

VO Virtual Organization 

LAN Local Area Network 
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2. The Industry 
Computers are now used in almost every aspect of business. Architects’ offices are no 
exception. Their customers no longer expect simple models of building projects made out of 
wood, glue and paper. Instead, they expect computer generated three-dimensional (3D) 
scenes, through which they can clearly visualise the end result. 

Such scenes have to be designed first with Computer-Aided Design (CAD) software. This 
step involves defining the wireframe aspect of the building, defining light sources, kinds of 
materials, and other key details. 

 

Figure 1 – Wireframe scene designed using CAD software 

The next step is to “render” the 3D model into high quality 3D images by processing it on a 
computer using the appropriate software. 

 

Figure 2 – Rendered scene 

A third step is post-processing. Here, “extras” are added into the resulting picture such as 
clouds, cars, people and trees. 

Figure 1 and Figure 2 show the difference between a modelled scene (from CAD software) 
and a rendered scene (from a “renderer” or “rendering engine”). 
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Scenes have now become so realistic that it is sometimes hard to tell the difference between 
photographs and rendered 3D graphics. Renderers have to process ever more complicated 
scenes, taking into account a lot of physical effects such as reflections, light absorption and 
shadows which make this step time consuming and expensive. 

 

2.1 Types of Rendering 
The type of rendering required varies depending on the size of the company and its market. 
There are three different types of visualisation which can be produced: 

·  Photo-realistic still images: The output images are generally high resolution (often 
5000x5000 pixels), so that they can be printed in large paper formats. The images 
are created using “ray-tracing” which simulates the way rays of light travel produces 
very realistic scenes, but is computationally very expensive. Rendering time is 
typically in the tens of hours, and cannot be predicted, which is an issue in the case 
of calls to tender. 

·  Movie: Typical definition is TV format (640x480 pixel), although it is increasing with 
new digital screens. Movies are produced using the same software as for still images, 
by creating one image per frame in the movie, at a lower resolution. 

·  Real-time rendering: This is a recent development which uses different software to 
the above. Medium definition images are rendered on-demand, using an interactive 
interface. This allows the viewer to travel through the rendered scene, moving, 
zooming and rotating as desired. The goal is to allow the customer to examine in 
more detail the parts of the design they are most interested in, and not just broadcast 
a pre-defined fixed animation. 

 

2.2 The Process of Invitations to Tender 
Rendering is very important for a successful invitation to tender. The final submission by 
each architect will include 3D renderings which visualize the proposed design. Architects will 
work on their designs right up to the deadline, which means a lot of computation is required 
at the very last moment to process the renderings.  

Preparation of a bid will first go through a “study phase”, where a detailed study takes place 
and high level design decisions are made. A few days before the deadline, the design 
converges on the final proposal and a 3D model is created using CAD software. 

Then, for each image, the following steps take place: 

·  Smaller details are added to the CAD model, such as textures and lighting. Rough 
draft previews of the final image will be created to ensure all the details are correct. 

·  A high quality rendering is done using ray-tracing software such as YafRay or Mental 
Ray. Normally the computation time is not known in advance. This phase is very 
resource and time intensive due to the amount of computation required to achieve 
photo-realistic images, especially with complicated lighting or reflections. Architects 
will strive to ensure that this phase only occurs once due to its cost.  

·  Post-processing is carried out using image editing software such as Adobe 
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Photoshop. This normally involves adding items that are not directly part of the 
project, e.g. adding cars and trees to the street outside. These items are not part of 
the model as they would unnecessarily increase the complexity and length of the final 
render phase. 

Each step requires a roughly equal amount of time. 

 

2.3 Limitations of Current Solutions 
 

As explained above, (re)modelling the scene often lasts until the deadline for the call. But, as 
the deadline becomes closer, peak computing resources are required to complete the 
rendering on time. Architects need their remodelled scene to be rendered as soon as 
possible in order to view the results from the latest changes. 

These peak needs for computing resources are an issue for architects, especially smaller 
offices without large IT infrastructures. They are faced with the calculation: is it worth 
investing in expensive hardware and software, which will sit idle except about 5 or 6 times a 
year?  

Many architects’ offices consist of only one or two employees and are therefore unable to 
afford or maintain such investments. This means they simply cannot compete in contests 
such as calls for tender.  
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3. The Solution 
Grid for Architects is a solution designed to address two major issues faced by architects: 

·  The slowness of the rendering phase 

·  The cost of hardware and software ownership 

Once an architect has modelled a scene, they can connect to the Grid for Architects web 
portal and upload the scene. They then choose a rendering engine and submit the task to be 
run on the Grid. Next, the rendering task is distributed over geographically scattered 
resources where it is processed in parallel. Resource usage is charged on a per-Gigahertz 
per-hour (GHz hour) basis. 

This model has the potential to decrease costs for any kind of architect office. The peak 
needs for computational power are not a problem anymore; architects offices simply use 
more Grid resources when it is required and are charged in proportion to their use. 

Avoiding the need to buy expensive hardware cuts maintenance costs as well as avoiding 
depreciation and obsolescence problems. Furthermore, architects do not need to worry 
about having enough work to keep the computer busy and justify the investment. Hence the 
risks are reduced for small architect offices. 

Another advantage is the ease of use for architects, as well as improved mobility from having 
a web interface. As there is no dependency on local computing resources and related 
equipment, smaller architect’s offices can have access to the same computational power as 
bigger companies. This power is easily available from a web portal, allowing architects to 
work from remote locations and end-user computers. For instance, an architect could go to a 
client’s office and produce a sample rendering result on his laptop.  

The Grid for Architects application allows users to select the amount of resources assigned 
to the task and therefore affect how fast the task is completed. This allows architects to save 
valuable time and produce higher quality results, especially in time-critical work such as calls 
for tender. 
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4. Improvements from using Grid 
Grid for Architects includes many features that make it very valuable to the target market. 
The application model provides any architect office, whether large or small, with the same 
computational power, available on-demand. The type of the computing resources, their 
configuration, their maintenance and replacement is not the concern of architects anymore. 
Therefore, architects no longer need to acquire any IT training or invest into a costly IT 
department. Bigger architect offices, however, can maximise the use of their IT infrastructure 
by distributing rendering processes optimally and sharing resources with other customers in 
return for some reimbursement.  

Grid for Architects is easy to use. The web portal of the pilot application provides the 
architects with a simple way to submit a scene, choose some parameters, ask for a 
rendering process and get the result. No particular skill in computing is required to follow 
these steps. There are parameters to control the priority of the rendering process, where the 
“high” setting will render using the maximum number of resources available, which will cost 
more than using fewer resources. In addition, architects do not need to install various 
software and licenses to get a graphical rendering; they just choose a rendering engine on 
the web portal, click on a button and get the appropriate result.  

Monitoring of the rendering phase is unnecessary in Grid for Architects. Users do not have to 
check where the job is being executed, where the dataset is deployed, if there is sufficient 
disk space and CPU power, etc. Everything is handled by an underlying component of the 
application, called “the Broker”. This component will search for available resources, select 
the ones for computation (using one of several interchangeable algorithms) and install the 
rendering engine and data on them. It uses a resource discovery system and manages all 
the deployment and monitoring of tasks. The process is thus transparent to the architects.  

In addition to being designed to meet architects needs and easy to use, Grid for Architects is 
innovative: 

·  the web portal provides real-time information about the consumption of resources 
selected for computation 

·  computing  resources are discovered by combining networking software and Grid 
components 

·  the application is able to deploy the 3D engine chosen by the user, packaged with his 
dataset, on the computing resources 

·  network communications of the renderers are encrypted, bringing security to the 
overall application 
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5. Technical Aspects 
5.1 User Interface 
In order for architects to use the application, their scenes must first be modelled with 
Computer-Aided Design (CAD) software. 

As several rendering engines are available (as described later); the architect’s CAD software 
must export 3D scenes in a supported format. For example, mental images® provide a plug-
in (RealityDesigner™) for several CAD applications which exports the scene in RealityServer 
format. 

Once the scene has been exported in the right format, it needs to be packaged in a zip 
archive. 

 

Figure 3  – Web portal login page 

 

Architects are then ready to make use of Grid for Architects. Figure 3 shows the web 
interface of the application (currently hosted by CETIC). After entering their login and 
password, they will have access to the application (Figure 4). They can then upload the 3D 
scene file onto the server.  
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Figure 4  – The "Advanced Rendering" tab 

Once uploaded, it will appear in the file list. Users then need to select the scene to render, 
choose the number of CPUs to compute the scene and choose the appropriate rendering 
engine. There are two type of rendering engines in the current application: 

·  YafRay [3], a still image renderer. This means the renderer will compute one view of 
the 3D scene and provide a single picture result. 

·  RealityServer [4], a real-time renderer. This allows the user to interactively navigate 
the 3D landscape by connecting directly to the computing resource. 
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A click on the “Render” button submits the job to the Grid, and users have to wait until result 
is available. 

Figure 5 shows an example of a real-time rendering using the RealityServer software. Using 
this interface, users can interact directly with the rendering engine and navigate into the 3D 
scene in real-time. The user can quit the interface at any point. They will then be informed of 
how much the rendering cost. 

  

 

Figure 5  – Example of a real-time rendering 

 

5.2 Components 
The following sections describe the underlying components of the application. The overall 
architecture is shown in Figure 6. 
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Figure 6  – Architecture of Grid for Architects 

 

 

5.2.1 The Portal 

As shown in the previous section, the user interacts with a web portal in order to access the 
service, upload a scene, submit a job and get the result. This component is based on the 
GridSphere/GridPortlets web application. These open source tools allow access to the 
Globus Toolkit middleware [5] via a web interface. The basic GridSphere portal has been 
substantially adapted to the specific requirements of architect’s offices  

5.2.2 The Broker 

The broker is invoked when the “Render” button is pressed on the portal. This layer has been 
entirely developed from scratch. It contains three components: 

·  Grid Broker 
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·  Resource Discovery 

·  Grid Deploy 

The broker acts as a meta-scheduler; it supports several grid middleware mechanisms for 
authenticating users, as well as submitting and monitoring jobs. The broker is also modular in 
such a way that it is easy to provide support for new rendering engines, or even for new 
applications (unrelated to rendering). 

The Resource Discovery component periodically gets information about resources from the 
middleware and stores it in a MySQL database. Based on this information, as well as the 3D 
scene complexity and user requirements, the Grid Broker component selects the best cluster 
(or set of clusters) on which to execute the rendering. 

Finally, the Grid Deploy component takes over. Its task is to package the 3D scene and the 
selected rendering engine into an archive and to deploy them on the remote cluster selected 
by the Grid Broker. By deploying the renderer along with the 3D scene there is no need to 
worry about whether each cluster has the required software installed. 

Once the 3D scene and the renderer are transferred onto the selected remote cluster, the 
Grid Deploy component uses the default job scheduler (presently Sun Grid Engine) to submit 
as many jobs as the user has requested CPUs. The image processing can now begin. 

If user selected a still image renderer, the resulting image file can be downloaded via the 
portal. If the real-time (RealityServer) renderer was chosen, Grid Deploy opens a port on one 
of the computing nodes and on the front-end node of the cluster. A resulting URL (hostname 
of the fronted + opened port) is then provided through the portal to the end-user. Clicking on 
this link opens a new browser tab and allows the user to navigate his 3D world in real-time. 
When finished, the user stops the rendering. This will stop the timer, kill the jobs, undeploy 
the 3D scene and renderer, and close the opened ports. The user then gets a cost statement 
for the rendering, as shown in Figure 7.  

 

Figure 7 – Cost statement for rendering 

5.2.3 The Middleware 

A standard Linux Globus Toolkit 4.0.5 distribution has been compiled for this purpose. We 
make use of several components of GT4: 

·  MDS (Monitoring and Discovery Service) to monitor and discover grid resources 

·  GSI (Grid Security Infrastructure) to authenticate users 

·  GRAM (Globus Resource Allocation Manager) to submit jobs 
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·  GridFTP to transfer files onto the Grid 

 

5.2.4 The Hardware 

Hardware resources used by the application need to meet some typical cluster features: 

·  Linux OS (Windows support planned) 

·  Multicast enabled network 

·  Network File System (NFS) set up 

·  Job scheduler installed (such as Sun Grid Engine (SGE), Torque or Portable Batch 
System (PBS)) 
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6. The Market 
High end visualisation is growing faster than the average Digital Content Creation (DCC) 
market (8-10% p.a.), of which CAD is a subset. In terms of market size, there are about 
250,000 architectural 3D CAD users world wide (approx. 40% EMEA, 35% North America, 
and 25% Asia/Pacific [1]).  

In addition, the potential architect market is larger than current CAD users: there were more 
than 350,000 architects in the European Union when it was composed of fifteen states, with 
12500 of them in Belgium [2]. Not all architects have adopted CAD software, leaving large 
opportunity for growth in the market. 

Among architect offices, large ones make up less than 5% but have much more demanding 
needs than smaller offices, which often have only one or two employees. With such a market 
structure, 3D visualisation – as it is deployed today – remains a technology hard to afford for 
the majority of architects. 

The targeted market is split into two major segments: architects who were able to invest and 
are already using CAD and visualisation software (i.e. large architect offices), and those who 
would like to use 3D visualisation but cannot afford the price. In addition, some other 
companies that use CAD can also be considered as potential target markets. A full study of 
the potential markets can be found in Annex A. 

 

6.1 The Competition 
During our analysis, we identified five kinds of possible or existing competitors which are: 

·  Independent Software Vendors (ISVs) either for modelling or rendering software. 
ISVs could leverage their software to provide a Grid rendering service. However, 
ISVs act more like providers (of a product), not competitors (of a service) and they 
seem determined to keep to this position. 

·  Grid Service Providers such as Sun, HP and Oracle who provide on-demand 
access to HPC resources. Grid for Architects differentiates itself from these providers 
by offering a much more specific and specialised product. 

·  Application Hosting Providers, such as Colt (USA), relieve customers of the pain, 
and cost, of maintaining and monitoring computing resources. As resources are the 
main cost in 3D rendering, they could potentially enter the rendering market. 
However, they are more likely to provide resources for direct competition than to 
compete directly themselves. 

·  Direct Competition with the same offer in real-time rendering. At the time of writing, 
no other company is currently offering real-time rendering on Grid resources. 

·  Direct Competition on still image rendering. There are many competitors in this 
area, but they are generally focussed on image rendering for the movie industry, 
meaning they focus on batch jobs of hundreds or thousands of images, rather than a 
few views. They also do not offer SLAs or QoS agreements, which is an issue for 
architects who need to be sure they will get results in time for the call for tender 
deadline. 

To summarise, competitors services are either able to address intensive needs by providing 
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large amount of resources, but are focused on bulk rendering of thousands of pictures; or 
they are not flexible enough to meet variable needs. Moreover, there is no concrete offer for 
real-time rendering. 

A fuller study of the competition can be found in Annex B. 
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7. Business Offering 
The main service is providing architects with access to the Grid for Architects application. 
However, CETIC will also provide a service whereby architects offices can share their HPC 
resources and form a Virtual Organisation.  

Based on the results of the Grid pilot, CETIC is setting up a new business as a Grid resource 
broker and Grid services provider. This business, currently in the start-up phase, will take 
advantage of the expertise of CETIC’s staff, and current hardware. CETIC will use their 
compute cluster infrastructure and the expertise and partnerships developed inside CETIC 
through this pilot and other Grid related activities.  

CETIC are limiting risk by addressing a specific, well-identified niche market, within a closed 
group of customers – the need for very urgent rendering of stills and animations that 
architectural firms face in the final phase of answering call for tenders. 

The rationale behind the decision to work with a customer group teaming to form a VO is to 
offer the most attractive pricing by limiting costs and taking advantage of existing computing 
resources and software license pool. The idea is to “mutualise” customer’s own equipments 
together with CETIC’s compute cluster; meaning almost zero investment in new computer 
hardware. CETIC will invest in 3D rendering software licenses for its own compute cluster 
and will provide the Grid services for middleware implementation within each customer’s 
infrastructure. CETIC will also act as the broker agent to manage and serve demand from the 
different customers. This pool of resources will meet most peak needs amongst the partners, 
and will be managed by Grid technology. 

CETIC will keep this focused scope for the first year and then introduce real-time rendering 
as additional service, targeted to the same group. Next, they will progressively expand the 
customers’ community or create new communities on the same principle. 

 

7.1 Price and the Costs 
The amount charged for each image rendered is 33% above the commercial price for bulk 
rendering (1€ per GHz hour vs. 0.90$ per GHz hour). In addition, a mark-up is paid to CETIC 
whenever external resources are used. As explained above, the cost of rendering can be 
balanced if customers allow external jobs to be launched on their infrastructure when they do 
not have urgent tasks.  

In addition, customers will pay a set-up and maintenance fee. That way, once they join the 
community, they have an incentive to use the service. 
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Figure 8 – Grid for Architects offerings 
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7.2 Considerations 
Table 1 is a simplified profit and loss statement based on the following financial elements: 

In terms of revenue for CETIC, we have: 

o An initial set-up fee for customers to cover the deployment of Grid middleware 
within customer’s premises: 3,000.00 € per customer. 

o A yearly fee (after first year) for maintenance and updates of these Grid 
middleware: 1,500.00 € per customer. 

·  Computation time1 (see Figure 8): 

o Batch usage – initial business 

�  Premium offer: billing usage of CETIC ‘s cluster is 1,00 € per GHz 
hour. (per GHz per hour) 

�  Mutualised offer: additionally CETIC takes a 5% mark-up (0.05 € per 
GHz hour) on all usage of any external resource to cover the global 
service of making the portal and the Grid environment available.  

o Real-time usage – starting year 2 

�  Premium offer: here there will be no mutualisation between customers; 
this offering will be exclusively based on CETIC’s own compute 
infrastructure. 

�  Billing will be based on visualisation hours taking into account that a 
fixed amount of processing power is dedicated to this real-time offering 
and that each job is using the whole dedicated capacity. 

�  In our P&L calculations below we are dedicating 8 nodes, having 2 
cores each running at 2.5 GHz; meaning we are offering a bulk of 40 
GHz to this real-time activity. 

�  Billing at 5.5 € per GHz hour we have an amount of 220 € per real-time 
visualisation hour. 

On CETIC�s cost side, we have: 

·  The raw cost of the cluster infrastructure, estimated at 0,2€ per GHz hour. 

·  The rendering software yearly licensing fees, estimated at 900€ for the master node 
and 300€ per computation node for the batch services and 2.250€ per node for the 
real-time services. 

·  The manpower for setting up and maintaining the environment (including at 
customer’s premises). 

                                                

1 Note that billing between partners occurs only when external resources are used: customer 
A using resources from customers B & C. On a quarterly base, CETIC calculates of the 
resources usage by partners and bills accordingly. Price per GHz hour used on external 
resource is 1.00 €. 
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·  The manpower for business administration and IT management. 

·  The manpower for sales and marketing. 

  
Year 1 Year 2 Year 3

premium demand - batch
customers 6 12 20
invitation to tender per year per customer 6 6 6
premium jobs per invitation to tender 100 100 100
GHz hours per job 60 60 60
euros per premium GHz hour 1,00 € 1,00 € 1,00 €
note: euros per premium job 60,00 € 60,00 € 60,00 €
note: euros per respond to call to tender 6.000,00 € 6.000,00 € 6.000,00 €
total yearly premium demand 216.000,00 € 432.000,00 € 720.000,00 €

percentage computations processed by Grid broker 25% 25% 25%
nodes dedicated @ Grid broker 10 10 10
man-days set-up (man-day) 5 5 5
man-days maintenance (man-day) 2,5 2,5 2,5
man-day charged (€) 600,00 € 600,00 € 600,00 €
man-day cost (€) 500,00 € 500,00 € 500,00 €

Revenues
set-up fee per customer 3.000,00 € 3.000,00 € 3.000,00 €
yearly fee per customer 1.500,00 € 1.500,00 € 1.500,00 €
markup percentage 0,05 0,05 0,05
mark up on computing usage 10.800,00 € 21.600,00 € 36.000,00 €
set-up fees 18.000,00 € 18.000,00 € 24.000,00 €
yearly fees 0,00 € 9.000,00 € 18.000,00 €
computation fees 54.000,00 € 108.000,00 € 180.000,00 €
Total 82.800,00 € 156.600,00 € 258.000,00 €

Costs
GHz hours raw cost per node 0,20 € GHz*H 0,20 € 0,20 €
rendering SW 3.600,00 € 3.600,00 € 3.600,00 €
total GHz hours cost per year 10.800,00 € 21.600,00 € 36.000,00 €
Manpower set-up services 15.000,00 € 15.000,00 € 20.000,00 €
Manpower yearly maint & updates 0,00 € 7.500,00 € 15.000,00 €
Manpower IT management+ admin business 26.000,00 € 1j/sem 39.000,00 € 1,5 j/sem 52.000,00 € 2 j/sem
Manpower for sales  & marketing - closed group constitution 15.000,00 € 3 h*m half time 30.000,00 € 3 h*m half time 30.000,00 € 3 h*m half time
Total 70.400,00 € 116.700,00 € 156.600,00 €

Bottom line 12.400,00 € 39.900,00 € 101.400,00 €  

Table 1  - Profit and loss statement 

 

Note: in this table, “Grid broker” refers to CETIC. 
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8. Outcome 
This document has described in detail the Grid for Architects domain, application and 
business offering. The key aspects of the application are: 

·  On-demand access to powerful rendering resources for architects 

·  Easy to use web portal interface 

·  Real-time and still image rendering 

 

The application consists of: 

·  The portal user interface 

·  The Open Source YafRay still image renderer 

·  The RealityServer real-time renderer from Mental Images 

·  The Broker which assigns and deploys rendering jobs to clusters 

·  The Globus Toolkit Grid middleware 

 

The benefits achieved by using Grid technology and resources are: 

·  Architects don’t need to invest in expensive hardware and software 

·  No maintenance costs 

·  Reduced complexity through easy to use web interface 

·  Access to enough resources to satisfy peak computing demand 

·  Resources can be accessed from anywhere; renderings could be submitted from the 
client’s site etc 

·  SMEs have access to the resources required to compete in calls to tender for the first 
time 

 

Importantly, the BE has been so successful it has convinced CETIC to roll out a full business 
offering using the software developed. The key points of this offering are: 

·  Unique offering real-time rendering on Grid resources 

·  Highly targeted (specific offering for architects) 

·  Uses existing CETIC resources 

·  Premium offer uses only CETIC resources 

·  Mutualised offer allows companies to join CETIC grid and continue to benefit from 
existing resources 
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Annex A.  Target Markets 

The potential customers of Grid for Architects can be broken down as follows: 

Large offices of architects 

Large firms count for a small part of architect offices but are the primary target: they are 
profitable and are already used to computer technology. 

Their size makes large firms the best target market as they respond to calls for tender which 
require huge peak rendering resources. They are able to pay the huge sums required for 
HPC machines but they will also listen to proposals to reduce costs. Large offices of 
architects have learned to master rendering technology – in calls for tender, computer 
generated 3D rendering is mandatory – and discovered its caveat: high Total Cost of 
Ownership (TCO).  

In this market, the first users of the solution will be senior architects involved in calls for 
tender. The goal is to gain flexibility – to be able to adjust computing resources to rendering 
needs by using Grid technologies. In a second step, use of Grid rendering service will be 
extended to the whole firm to cut both hardware and software costs.  

As rendering is currently slowing down replies to calls for tender (one third of the time is 
spent on rendering) the trend will be to adopt Grid services capable of reducing rendering 
periods. Once rendering time is significantly reduced – for a fraction of the cost of a 
traditional rendering solution – usage will increase. Moreover, as large architect offices team 
up with smaller ones to answer to large calls for tender, they will drive the business toward 
adoption of Grid rendering services. 

Table 2 shows the main architect offices in Belgium and neighbouring countries. 

 

Architect office Country 

Jean-Paul Viguier (www.viguier.com) France 

Skidmore, Owings & Merrill (www.som.com) USA, Europe, Asia 

Assar architects (www.assar.be) Belgium 

Jaspers & Eyers (www.jaspers-eyers.be/) Belgium 

Archi 2000 (www.archi2000.be) Belgium 

Art & Build (www.artbuild.com) Belgium 

Table 2 - Major architects offices in Belgium and neighbouring countries 

These companies usually have one or more computers dedicated to rendering, but high end 
workstations are dedicated to the design software, not the computation. The IT architecture 
is unable to scale or adapt dynamically according to needs: it is an “ad-hoc” cluster that 
cannot be easily expanded at short notice. Such an infrastructure has to be bought and Total 
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Cost of Ownership is high due to the hardware, software and maintenance costs. 

Although computing power available rises over time (due to Moore’s law), the extra power is 
used to produce more complicated and realistic images rather than faster rendering. 

The solution offered therefore allows reducing the time needed for previews and final 
rendering, using larger external computing power, and also post-processing, as more “photo-
realistic” details will be included directly in the 3D model.  

 

Small offices of freelance architects 

Most architect companies are SOHO (Small Office – Home Office): architects working alone 
or in offices with less than ten architects. In this case, the goal is not to optimise rendering 
time but just to get access to 3D rendering services. Grid rendering services can provide 
visualisation at a low price with no entry cost, especially no software license. 

The aim is to directly attract the users who are the decision makers in this market. Today, 
most of them know how to use CAD software but have limited computing resources. By 
providing a service that allows them to directly render models they have designed in CAD 
software, architects from small offices will quickly adopt the new tools. 

As SOHO architect offices lag behind large firms in term of technology (high bandwidth 
Internet connections, use of CAD software, etc.), this market segment will follow the first one. 
However, once architects from small offices are convinced, they will adopt the service 
quickly, because they are solely responsible for directly taking the decision and paying for 
the service. It is expected that once the Grid rendering service is available and 
commonplace, the competitive advantage it brings will be so important that the remaining 
sceptical SOHO offices will be strongly driven towards adoption, 

Affordability is, and will remain, the major adoption factor for small offices for three reasons:  

·  SOHO architects already using CAD typically have only one computer capable of 
rendering which is also used for other CAD applications. Rendering is done during 
night or idle time when the other applications are not being used. 

·  Most renderings are not urgent, so it is acceptable that they run locally for a long 
time. The major difficulty for SOHO architects is access to rendering software 
licenses. 

·  SOHO architects would use our service if it is cheap. What will be offered to them is 
access to rendering software, low priority CPU cycles, without SLA. They will not be 
offered access to real time rendering. 

Though those characteristics make small offices of architects the secondary market, they 
represent a large number of potential customers notably with more than 115,000 architects in 
Italy and more than 100,000 of them in Germany . 

 

Other targets 

Some companies are specialised in the modelling and post-processing phases of image 
generation. They are used for large and complex projects, or when more human resources 
for post-processing are needed. 
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They usually own a small cluster, where only one rendering engine is deployed, sufficient for 
bulk rendering. Again, their problem is accessing sufficient peak computing resources.  

While they have a higher barrier to outsource computation, and can sometimes act as a rival 
in the market, they also are strong potential customers. CETIC’s service will allow them to 
focus on their core business, which is not offering computation time, but specialised skills in 
modelling and post-processing. 

It is expected to offer them specific contracts. It is also possible to include them in the virtual 
organisation so that their resources could be used when available. 

Examples of such specialist companies include: 

·  Détrois (www.detrois.com), Belgium 

·  Quickit (www.quickit.be), Belgium 

·  Hooox (www.hoooxarchi.com) , Belgium 

·  Asymetrie (www.asymetrie.be) , Belgium 

·  ZOOO (www.zooo.be), Belgium 
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Annex B. The Competition 

The following outlines the identified competitors to the Grid for Architects service: 

Independent software vendors of rendering software 

ISVs hold the lower layer of the software stack on which the Grid rendering service is made 
and as such could decide to provide rendering service based on their software. Software 
vendors have large user bases with whom they keep in touch (e.g. through user magazines) 
and sometimes such users have high switching costs due to the specifics of their products 
(some rendering engines have fan sites and forums). In addition, the ISVs have the same 
target market as our solution (that is to say, architects). They enjoy a good financial situation 
due to their established products and therefore could be tempted to enter the Grid rendering 
service market.  

Table 3 below shows several ISVs that could become potential competitors. For each of the 
ISVs the table shows the rendering engines they provide, and whether they can do real-time 
rendering or not. 

Company (Country) Still image rendering, 
animations 

Real time 

Mental Images (Germany) Mental Ray RealityServer 

Autodesk (USA)* Maya, Brazil & VIZ No 

The Chaos Group, (Bulgaria) Vray No 

Newtek (USA) Lightwave No 

Maxwell (Spain) Maxwell Render No 

Cebas (Germany) finalRender Stage-X No 

Table 3 – Main ISVs 

(*) Autodesk also produces 3DSMax and Maya modellers. Others main modellers are: 
Softimage, Cinema4D 

However, ISVs are not direct competitors due to the key element of the software stack they 
own. Their strategy towards market and competition remains based on products rather than 
services. For example, ISVs claim integration of a large software portfolio (Autodesk) or 
photorealistic rendering (Maxwell, Mental Images).  

The same analysis can be made for the way they deliver their products. They don’t promote 
Software as a Service, but rather maintain a policy of standard software licensing. This is 
notably because of the amount of computing resources needed, which would require huge 
investments in hosting. The price policies we had access to are also tailored for classical 
software licensing: ISVs sell licenses (per core or CPU), not rendering time. ISVs are also 
tied to channels of resellers and can hardly compete with them on services. This perception 
of the ISV market is shared by the sector since, for example, one of the major ISVs, Mental 
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Images, has just been bought by the leader in computer video cards, nVidia, in order to 
ensure efficient software running on their hardware. 

To summarise, ISVs act more like providers (of a product), not competitors (of a service) and 
they seem determined to keep to this position. 

 

Grid service providers 

The Grid Service Providers community is rapidly evolving and several of them have already 
begun to sell software use bundled with their Grid service. For example, HP bills CPU usage 
with “Fluent” flow modelling software. However, the move came from ISVs, not Grid Service 
Providers, and the extra effort to provide the service was provided by the ISVs. As described 
in the previous chapter, ISVs are not interested in jumping on the services bandwagon, 
leaving Grid Service Providers alone to set up rendering services. 

Finally, Grid Service Providers (HP, SUN, Oracle, etc.) differentiate on price and quality of 
service (reliability, availability). To achieve this goal, they stay focused on their core activity, 
which is providing generic resources.  

Here again, competition is not direct and Grid Service Providers, like ISVs, can be seen as 
providers (of resources) rather than competitors. 

However, a continuous analysis of the market should be done in order to avoid being 
overtaken.  

 

Application Hosting Providers 

The market of Application Hosting Providers, like Colt (USA), is to relieve customers of the 
pain, and cost, of maintaining and monitoring computing resources. As handling resources is 
a major source of cost in 3D rendering, Application Hosting Providers could be good 
candidates to provide rendering services. However, this possibility remains highly 
hypothetical since they face the same constraints as Grid Service providers to remain 
competitive on costs. 

At best Application Hosting Providers would be indirect competitors by being providers for a 
competitor selling a solution based on the restricted scenario of a cluster of computers (and 
not the Grid): the Application Hosting Provider could handle the day to day job of efficiently 
maintaining a computer cluster (i.e. a static group of computers connected together in a LAN, 
unable to dynamically integrate new resources like when using the Grid Technology), 
including the care of rendering software, for a competitor providing a rendering farm. 

 

Direct competition for real-time rendering 

By reviewing the previous competition scenarios, it appears the strongest competition may 
come from a direct competitor. 

Based on the fact that the pilot implementation: 

1. provides almost real-time rendering 

2. using Grid computing resources. 
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We looked for competitors with the same goals. To this date we have found none matching 
the two characteristics. 

One competitor exists for real-time rendering, based on a cluster infrastructure (not a Grid 
one), based in the UK and Australia and whose name is Luminova (www.luminova.net). They 
have a broader scope since they address not only architecture but also other fields where 3D 
visualisation is involved like automotive industry or equipment design and clearly, at present 
time, industry is their main market. That’s why in the same time Luminova emphasises on 
team collaboration, people being able to share and view a same model to work together on it, 
rather than the client/provider relationship like between an architect and his/her customer 
This restrict the scope of the offer. Luminova is a direct competitor because real-time 
rendering is the same differentiating factor than the Business Experiment. The goal of 
Luminova is also to provide Software as a Service by using a web interface to upload models 
to be rendered, using the same channel than the BE. 

Luminova’s infrastructure is based on clusters, not Grid, plaguing maintenance cost, limiting 
scalability of the solution and restricting opportunity of scale savings (growth in the cluster 
model will happen by big steps, causing significant temporary increase of the cost of 
infrastructure). Luminova is also a start-up (having to create an image in customers mind) 
with a fuzzy price policy (“contact us”) and an extensive proprietary software development 
that the company wants to cash in on. The shareholders distribution reflects this situation 
since rendering engine ISV Mental Images partly acquired Luminova while Luminova 
software development team has been integrated to Mental Images one. This move reduced 
the competition with the BE since Luminova is more in the ISV area and plays more the role 
of a field of experiment, notably by developing software to import scenes in other format than 
this used by the rendering engine, than a pure competitor in rendering service. 

The state of the competition is due to the fact that software allowing real-time rendering on 
computer has just appeared. Let’s see the state of the nascent competition: 

·  Orealia software form Onesia (www.onesia.fr, France), they announce fast (not real-
time) rendering, and the actual capacities of the software are not known. Target 
market does not seem to be architects. 

·  DViz to be marketed by the start-up Scalable Graphics (www.scalablegraphics.com, 
France). Actual capacities of the software on real life cases are not known. Target 
market does not seem to be architects. 

Finally, it has to be noted that RealityServer, the software used by the pilot implementation 
and Luminova can use GPU’s from video cards which improves performances on a single 
server, but performances still remain higher using multiple nodes on a cluster. 

 

Direct competition for still image rendering & animations 

Apart from Luminova, other direct competitors operate in the not-so-new field of 3D rendering 
of still images on cluster farms. Still image rendering can also be used to generate animation 
but not in real-time. The weaknesses of the competition compared with the proposed model 
are the lack of real-time rendering and the lack of any Quality of Service and Service Level 
Agreement, which make them attractive for bulk rendering jobs, but not in the case of peak 
demand, urgent tasks and real-time rendering. Competitors are more inclined toward movie 
rendering rather than single image generation for architecture firstly because they operate in 
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the still image rendering business and they are more interested by computing thousands of 
images than a bunch of views. Moreover the cluster nature of render farms drive competitor 
towards customers using same resources during long time, with price incentives or, apposite 
with fixed fees, in order to maximise hardware investments use.  Therefore architects don’t 
find at render farms the offer that meets their needs. 

Table 4 shows three providers for on-line rendering services for still images and animations. 

 

Rendering SW Maya, Mental Ray, 
3ds Max / VRay, 
Maxwell 

Maya, Mental Ray, 
VRay, Maxwell, Brasil, 
Lightwave, AfterEffect 

Maya, Mental Ray, 
3ds Max / VRay, 
Maxwell, Yafray 

QoS no No No 

Real-time no No No 

Fixed fee N/A N/A 25€ to 50€ 

GHz*hour (*) 2,29$ 0,90$ 0,159€ 

GHz*hour volume Up to 40% saving Up to 40% saving N/A 

Sample still image: 
60GHz*hour (*) 

60$ 59$ 59€ 

Table 4 – Providers of online rendering services 

(*) based on the use of Mental Ray if rates vary for rendering SW 

 

To conclude the pilot implementation will have to fully realise its unique features (real-time 
rendering) as well as the advantages of the Grid (dynamicity of Grid resources, ability to 
create new kinds of resources/users composition) or it will face fierce competition based on 
rendering prices. 
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Annex C. License conditions. 
This is a public deliverable that is provided to the community under the license Attribution-NoDerivs 2.5 defined by creative 
commons http://www.creativecommons.org 

This license allows you to  

to copy, distribute, display, and perform the work 

to make commercial use of the work 

Under the following conditions: 

 Attribution. You must attribute the work by indicating that this work originated from the 
IST-BEinGRID project and has been partially funded by the European Commission under 
contract number IST - 034702 

 No Derivative Works. You may not alter, transform, or build upon this work without 
explicit permission of the consortium 

For any reuse or distribution, you must make clear to others the license terms of this work. 

Any of these conditions can be waived if you get permission from the copyright holder. 

This is a human-readable summary of the Legal Code below: 

License  

THE WORK (AS DEFINED BELOW) IS PROVIDED UNDER THE TERMS OF THIS CREATIVE COMMONS PUBLIC LICENSE 
("CCPL" OR "LICENSE"). THE WORK IS PROTECTED BY COPYRIGHT AND/OR OTHER APPLICABLE LAW. ANY USE OF 
THE WORK OTHER THAN AS AUTHORIZED UNDER THIS LICENSE OR COPYRIGHT LAW IS PROHIBITED. BY 
EXERCISING ANY RIGHTS TO THE WORK PROVIDED HERE, YOU ACCEPT AND AGREE TO BE BOUND BY THE TERMS 
OF THIS LICENSE. THE LICENSOR GRANTS YOU THE RIGHTS CONTAINED HERE IN CONSIDERATION OF YOUR 
ACCEPTANCE OF SUCH TERMS AND CONDITIONS.  

1. Definitions  

"Collective Work"  means a work, such as a periodical issue, anthology or encyclopedia, in which the Work in its entirety in 
unmodified form, along with a number of other contributions, constituting separate and independent works in themselves, are 
assembled into a collective whole. A work that constitutes a Collective Work will not be considered a Derivative Work (as 
defined below) for the purposes of this License. 

"Derivative Work"  means a work based upon the Work or upon the Work and other pre-existing works, such as a translation, 
musical arrangement, dramatization, fictionalization, motion picture version, sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Work may be recast, transformed, or adapted, except that a work that constitutes a 
Collective Work will not be considered a Derivative Work for the purpose of this License. For the avoidance of doubt, where the 
Work is a musical composition or sound recording, the synchronization of the Work in timed-relation with a moving image 
("synching") will be considered a Derivative Work for the purpose of this License.  

"Licensor"  means all partners of the BEinGRID consortium that have participated in the production of this text 

"Original Author"  means the individual or entity who created the Work.  

"Work"  means the copyrightable work of authorship offered under the terms of this License.  

"You"  means an individual or entity exercising rights under this License who has not previously violated the terms of this 
License with respect to the Work, or who has received express permission from the Licensor to exercise rights under this 
License despite a previous violation.  

2. Fair Use Rights. Nothing in this license is intended to reduce, limit, or restrict any rights arising from fair use, first sale or 
other limitations on the exclusive rights of the copyright owner under copyright law or other applicable laws.  

3. License Grant. Subject to the terms and conditions of this License, Licensor hereby grants You a worldwide, royalty-free, 
non-exclusive, perpetual (for the duration of the applicable copyright) license to exercise the rights in the Work as stated below:  

to reproduce the Work, to incorporate the Work into one or more Collective Works, and to reproduce the Work as incorporated 
in the Collective Works;  

to distribute copies or phonorecords of, display publicly, perform publicly, and perform publicly by means of a digital audio 
transmission the Work including as incorporated in Collective Works.  
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For the avoidance of doubt, where the work is a musical composition: 

Performance Royalties Under Blanket Licenses. Licensor waives the exclusive right to collect, whether individually or via a 
performance rights society (e.g. ASCAP, BMI, SESAC), royalties for the public performance or public digital performance (e.g. 
webcast) of the Work. 

Mechanical Rights and Statutory Royalties. Licensor waives the exclusive right to collect, whether individually or via a music 
rights society or designated agent (e.g. Harry Fox Agency), royalties for any phonorecord You create from the Work ("cover 
version") and distribute, subject to the compulsory license created by 17 USC Section 115 of the US Copyright Act (or the 
equivalent in other jurisdictions). 

Webcasting Rights and Statutory Royalties. For the avoidance of doubt, where the Work is a sound recording, Licensor 
waives the exclusive right to collect, whether individually or via a performance-rights society (e.g. SoundExchange), royalties for 
the public digital performance (e.g. webcast) of the Work, subject to the compulsory license created by 17 USC Section 114 of 
the US Copyright Act (or the equivalent in other jurisdictions). 

The above rights may be exercised in all media and formats whether now known or hereafter devised. The above rights include 
the right to make such modifications as are technically necessary to exercise the rights in other media and formats, but 
otherwise you have no rights to make Derivative Works. All rights not expressly granted by Licensor are hereby reserved. 

4. Restrictions. The license granted in Section 3 above is expressly made subject to and limited by the following restrictions:  

You may distribute, publicly display, publicly perform, or publicly digitally perform the Work only under the terms of this License, 
and You must include a copy of, or the Uniform Resource Identifier for, this License with every copy or phonorecord of the Work 
You distribute, publicly display, publicly perform, or publicly digitally perform. You may not offer or impose any terms on the 
Work that alter or restrict the terms of this License or the recipients� exercise of the rights granted hereunder. You may not 
sublicense the Work. You must keep intact all notices that refer to this License and to the disclaimer of warranties. You may not 
distribute, publicly display, publicly perform, or publicly digitally perform the Work with any technological measures that control 
access or use of the Work in a manner inconsistent with the terms of this License Agreement. The above applies to the Work as 
incorporated in a Collective Work, but this does not require the Collective Work apart from the Work itself to be made subject to 
the terms of this License. If You create a Collective Work, upon notice from any Licensor You must, to the extent practicable, 
remove from the Collective Work any credit as required by clause 4(b), as requested.  

If you distribute, publicly display, publicly perform, or publicly digitally perform the Work or Collective Works, You must keep 
intact all copyright notices for the Work and provide, reasonable to the medium or means You are utilizing: (i) the name of the 
Original Author (or pseudonym, if applicable) if supplied, and/or (ii) if the Original Author and/or Licensor designate another 
party or parties (e.g. a sponsor institute, publishing entity, journal) for attribution in Licensor�s copyright notice, terms of service 
or by other reasonable means, the name of such party or parties; the title of the Work if supplied; and to the extent reasonably 
practicable, the Uniform Resource Identifier, if any, that Licensor specifies to be associated with the Work, unless such URI 
does not refer to the copyright notice or licensing information for the Work. Such credit may be implemented in any reasonable 
manner; provided, however, that in the case of a Collective Work, at a minimum such credit will appear where any other 
comparable authorship credit appears and in a manner at least as prominent as such other comparable authorship credit.  

5. Representations, Warranties and Disclaimer. UNLESS OTHERWISE MUTUALLY AGREED TO BY THE PARTIES IN 
WRITING, LICENSOR OFFERS THE WORK AS-IS AND MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY KIND 
CONCERNING THE MATERIALS, EXPRESS, IMPLIED, STATUTORY OR OTHERWISE, INCLUDING, WITHOUT 
LIMITATION, WARRANTIES OF TITLE, MERCHANTIBILITY, FITNESS FOR A PARTICULAR PURPOSE, 
NONINFRINGEMENT, OR THE ABSENCE OF LATENT OR OTHER DEFECTS, ACCURACY, OR THE PRESENCE OF 
ABSENCE OF ERRORS, WHETHER OR NOT DISCOVERABLE. SOME JURISDICTIONS DO NOT ALLOW THE EXCLUSION 
OF IMPLIED WARRANTIES, SO SUCH EXCLUSION MAY NOT APPLY TO YOU. 

6. Limitation on Liability. EXCEPT TO THE EXTENT REQUIRED BY APPLICABLE LAW, IN NO EVENT WILL LICENSOR 
BE LIABLE TO YOU ON ANY LEGAL THEORY FOR ANY SPECIAL, INCIDENTAL, CONSEQUENTIAL, PUNITIVE OR 
EXEMPLARY DAMAGES ARISING OUT OF THIS LICENSE OR THE USE OF THE WORK, EVEN IF LICENSOR HAS BEEN 
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.  

7. Termination  

This License and the rights granted hereunder will terminate automatically upon any breach by You of the terms of this License. 
Individuals or entities who have received Collective Works from You under this License, however, will not have their licenses 
terminated provided such individuals or entities remain in full compliance with those licenses. Sections 1, 2, 5, 6, 7, and 8 will 
survive any termination of this License.  

Subject to the above terms and conditions, the license granted here is perpetual (for the duration of the applicable copyright in 
the Work). Notwithstanding the above, Licensor reserves the right to release the Work under different license terms or to stop 
distributing the Work at any time; provided, however that any such election will not serve to withdraw this License (or any other 
license that has been, or is required to be, granted under the terms of this License), and this License will continue in full force 
and effect unless terminated as stated above.  

8. Miscellaneous  

Each time You distribute or publicly digitally perform the Work, the Licensor offers to the recipient a license to the Work on the 
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same terms and conditions as the license granted to You under this License.  

If any provision of this License is invalid or unenforceable under applicable law, it shall not affect the validity or enforceability of 
the remainder of the terms of this License, and without further action by the parties to this agreement, such provision shall be 
reformed to the minimum extent necessary to make such provision valid and enforceable.  

No term or provision of this License shall be deemed waived and no breach consented to unless such waiver or consent shall 
be in writing and signed by the party to be charged with such waiver or consent.  

This License constitutes the entire agreement between the parties with respect to the Work licensed here. There are no 
understandings, agreements or representations with respect to the Work not specified here. Licensor shall not be bound by any 
additional provisions that may appear in any communication from You. This License may not be modified without the mutual 
written agreement of the Licensor and You.  

 


