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Abstract 
In 2014 MT Højgaard studied design documents of 100 Danish construction projects to assess 
the extent to which the use of Building Information Modelling (BIM) and ICT affects the quality 
of the design documents, and the first version of the white paper was published in April 2014. 

The survey shows that 63% of covered projects are based on design documents in a quality1 
that either requires a partial or complete redesign of the design documents, or makes it neces-
sary to solve challenges that otherwise directly reduces productivity and the profit of the pro-
ject. 37% of the projects are evaluated to have a high quality that creates a basis for making 
qualified decisions on the basis of design documents. 

85% of the projects with high quality design documents are produced in 3D, and 79% of pro-
jects with low quality design documents are drawn in 2D. This study indicates that design doc-
uments produced in 3D are of better quality and creates the best conditions for subsequent 
activities. 

A group of projects, that are subject to the ICT regulation and therefore per definition are prior-
itizing the use of ICT and BIM, is investigated to clarify if this condition has an effect on the 
design documents’ quality. 23% of the projects in this group are based on design documents in 
a quality that requires a partial or complete redesign or necessitates to solve challenges that 
otherwise directly reduces productivity and the profit of the project. 77% of the projects sub-
jected to the ICT regulation have a design documents in high quality. 

The study also indicates ICT agreements are used with a higher frequency for projects in 3D 
(57%) compared to projects with design documents in 2D (18%), which indicates that higher 
demands towards the use of ICT derive a need for clear agreements between the involved par-
ties. 

In addition to a number of measurable parameters that directly affect the quality of design 
documents, 3D provide all parties with better circumstances to carry out the project and make 
qualified decisions that support the overall productivity. 

  

1 Quality is defined in Table 1 
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Introduction 
This study of the quality of design documents in Denmark is based on classic and current de-
bates about the quality of design documents, and what impact it has on projects in the con-
struction industry. Research shows that budget overruns, delays and insufficient quality of the 
final product in construction projects to a high extent is traceable back to design from the cli-
ent’s consultants who the contractor is basing its planning and execution on. 

Many stakeholders indicate that the poor quality of information in the design documents cre-
ates delays, budget overruns and disagreement between the involved parties. The costs linked 
to these consequences are substantial to all parties and has significant impact on the profitabil-
ity of the project. Design documents are an essential part of initiating projects under the best 
circumstances and to equip the different parties with the optimal conditions to carry out a suc-
cessful project. 

In the period 2009-2012, MT Højgaard carried out research on the quality of design documents 
and its importance by Ole Berard in an industrial PhD in collaboration with DTU amongst others. 
From 2012 until April 2014, based on the research results, there has been made a study to 
evaluate and analyse the quality of the design documents that have been the base for con-
struction projects in Denmark. MT Højgaard has selected tender projects, ongoing projects and 
completed projects, where the main part consists of tender projects and ongoing projects. Most 
projects are construction projects, but the study also includes civil projects. The assessment of 
designed documents is typically based on the quality of the documents when the contractor 
receives it. After receiving design documents they are modified to a level suitable for construc-
tion, typically by the contractor, if necessary. 

The study is quantitative and data driven and tries to measure the quality of design documents 
in Denmark and at the same time describe the factors that have significant impact on the quali-
ty of design documents. 

MT Højgaard desires through this study to put more focus on the quality of design documents 
in Denmark by illuminating the quality which Danish projects are handed over in at the moment 
and clarify the key factors in this regard. 

Quality of Design Documents in Denmark  
The results of design quality in Denmark in the period 2013-2014 are presented in Figure 1. 
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Figure 1 Diagram shows the distribution of 100 projects design quality 

Design quality is assessed in three categories, as described in Table 1. The diagram shows that 
63% of the projects are based on a design documents that either require partial or complete 
redesign or contains challenges that have a direct impact on project profit. 

Low Quality Medium Quality High Quality 

Design documents are not 
informative enough to support 
and streamline the building 
process. It should be consid-
ered whether the whole or 
part of the project should be 
redesigned, or if the project 
should be accepted with a 
clause concerning the profita-
bility of the project. 

Design documents contain 
challenges that might hinder 
production with regard to 
contract compliance and pro-
ject economic profit. 

Design documents are well 
designed and production sup-
portive. High quality creates an 
opportunity to redeem the 
benefits associated with having 
a solid basis for qualified deci-
sions throughout the project. 

Tabel 1 The table explains the division of design quality of low, medium and high level 

The ICT Regulations gives the Client better Buildings  
The requirements, that comprise the main elements of the government's initiative "Det Digitale 
Byggeri", are defined and regulated by ICT regulations. ICT regulations dictate the require-
ments to use information and communication technology in governmental and public construc-
tion projects above certain threshold sums, and provides a framework for cooperation between 
the involved parties. 

The framing of the ICT regulation contributes to give the client a better project. The results of 
this study indicate that it is important to have increased attention towards specific aspects of 
the ICT regulation to make it easier for parties to reach agreements on how the digital building 
models should be used. MT Højgaard’s study demonstrates a need to make the requirements 
towards the use of ICT agreements more strict on all projects, and at the same time ensure 
that ICT agreements sets the foundation for cooperation on the projects. An ICT agreement is 
fundamental to the joint coordination of the project and is therefore regarded by MT Højgaard 
as essential in relation to improving design quality. The study shows that it is correct to de-
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mand and pay special attention to ICT coordination2  to ensure well-coordinated and robust 
design documents. The study also shows that the management of digital construction objects3 
is a prerequisite for the ICT regulations, and that there is currently a need of stricter require-
ments as a correct handling of digital construction objects secure informative design docu-
ments. Besides having a positive impact on design documents a correct handling of digital con-
struction objects gives increased opportunity to gain early insight and a better overview of the 
project. 

Great Potential for Improved Design Quality and 3D design  
MT Højgaard has through research and experience from building projects achieved a thorough 
knowledge of the factors which determines the quality of design documents. This study high-
lights a number of areas which have great impact on the quality of design documents. 

BIM offers, together with the use of information rich and object based 3D models, an oppor-
tunity to improve the quality of the contractor’s working basis. The use of BIM enhance the 
opportunity to coordinate the design documents made by different professional disciplines by 
testing discipline models against  each other and identify errors and lack of coordination. This 
may create a base for better execution of the project which will contain fewer errors with rela-
tion to lack of coordination, miscommunication, ambiguity etc. But the potential for better de-
sign information quality is still largely unexploited in the Danish construction industry. 

What determines the quality of design documents?  
Design Documents in 3D are Best! 
Half of the design documents for the 100 projects included in this study that are made in 3D 
and the other half in 2D. Based on experience, it was MT Højgaard hypothesis that design doc-
uments produced in 3D will have higher quality than when it is drawn in 2D. The study of the 
100 projects supports this hypothesis. Figure 2 illustrates the relationship between quality and 
design documents in 2D or 3D. 

  

Figure 2 The three divisions of design quality and what portion of these categories is made in 2D 
or 3D 

2 ICT - Coordination § 3 in ICT regulation 118 and 119 

3 Managing digital construction objects § 4 in ICT regulation 118 and 119 
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Figure 2 shows a clear correlation between the assessment of the design quality of the docu-
ments and whether it is drawn in 2D or 3D. Design documentation of high quality is made up 
by 85% of design drawn in 3D, and in 79% of projects with low quality is drawn in 2D.  

By assessing the design quality of the projects together with the quality of the discipline mod-
els4 the following relationship between design documents in 2D and 3D is found:  

  

Figure 3 Figure shows the distribution of projects designed in 2D or 3D. The x-axis shows an 
overall assessment of design documents for each design discipline and the y-axis shows an 
overall assessment of design documents for the entire project 

Figure 3 shows that the area of low quality (lower left) is dominated by design documents pro-
duced in 2D, and that the area of high quality (top right) is dominated by design documents 
produced in 3D. 

Lack of Coordination in Design Documents  
A projects design documents consist of contributions from different project teams, each of 
which contributes with their expertise, but their contributions only achieve their full value when 
they are coordinated. To achieve this value, disciplines should be coordinated both internally 
(control of single discipline model) and between the disciplines (control when discipline models 
are assembled). The study shows that clash detections for 56% of all projects contain signifi-
cant errors that demands additional coordination and adjustments of the design documents. In 
addition, the study shows that clash detections of the assembled discipline models in 67% of 
cases equally give rise to further coordination and adjustments of the design documents. 

4 Architect, structure, el., vent., etc. 
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An important part of ensuring good quality of design documents and a solid foundation for exe-
cuting projects is coordination of building models, because it is a prerequisite for making quali-
fied decisions. Clash detection is a tool to identify and solve constructability issues in building 
models both internally for a single discipline and between the different disciplines. Therefore 
the clash detection supports a well-coordinated design. Clash detection reduces the number of 
errors in design documents that would otherwise only be discovered during the execution, 
where the cost and consequences of each error will derive significant economic consequences. 

3D is best but do the contractors receive it?  
The study shows that in 39% of the projects a 3D model was not received when the design was 
delivered, see Figure 4. The executing parties in a project prefer design documents in 3D as 
this clearly shows higher design quality thus amplifying the execution of the project. The design 
for the 100 investigated projects is submitted as follows: 

  

Figure 4 3D model is a part of the submitted design documents 

In 26% of projects 2D drawings did not originate from a 3D model, see Figure 5, which means 
that 2D drawings are independent of the 3D model or that there is no 3D model. This is a prob-
lem as it compromises the 3D-models validity since 2D drawings still represent the contractual 
basis. It is time and cost consuming to coordinate a design when drawings are not extracted 
from a 3D-model. 

 

Figure 5 2D drawings based on a 3D model 
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Contractors and suppliers prefer to receive the 3D models in order to increase transparency of 
the project and thus be able to influence the quality of design documentation in a positive di-
rection. 

ICT agreements  
An ICT agreement provides a common framework regarding the digital collaboration like a BIM 
Execution Plan (BEP). The survey shows that 82% of project where design documents has been 
produced in 2D, have no ICT agreement. For design documents produced in 3D there is an ICT 
agreement for 57% of the projects. 

ICT agreement is the foundation for digital construction projects and plays an important role in 
defining the circumstances for using BIM throughout the construction phase. It specifies the 
framework for cooperation between project parties and is the legal aspect of BIM. Amongst 
others it deals with technical issues associated with the use of BIM thus bridging the decisions 
of project participants. The ICT agreement covers aspects as; the file format for exchange, use 
of coordinate system, classification system etc.  

 

Figure 6 Figure shows number of projects developed in respectively 2D and 3D, which are deliv-
ered according to the ICT agreement 

It is seen from Figure 6 that 93% of all projects with design documents in 3D receive models in 
correct formats as specified in the ICT agreement, whereas only 44% of projects with a design 
in 2D receive drawings in correct format according to the ICT agreement. It shows that the 
parties developing design documents in 3D has a greater maturity to meet demands of the ICT 
agreement regarding file format, while parties developing design documents in 2D do not meet 
the client’s requirements in the ICT agreement. Delivering models or drawings in the agreed 
format contributes to raise the quality of design documents, as involved parties can use models 
or drawings as intended. It is costly and time consuming to modify models and drawings that 
are not delivered according to the file format specified in the ICT agreement. 

Modelling Technique   
The study shows that 89% of all 3D models are made by objects that support to link design 
information to the models.  

Modelling technique concerns competences within the use of digital building models which are 
built up by intelligent objects that can contain information. MT Højgaard distinguishes between 
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3D models and building models where 3D models comprise of solids5 . Building models are 
created by intelligent objects containing information, which allows carrying out calculations and 
analyses of the models on the basis of the information associated with the objects. To function 
as a planning and communication media through the construction process, building models and 
objects need to follow a set of well-defined rules that are coordinated between project parties. 
The study assesses to what extent design documents meet the requirements for a number of 
items regarding modelling technique. 

To enable building models to be used in calculation and analysis during the construction pro-
cess it is important to ensure models are built using correct objects. For example: a wall is 
represented by a wall object and not a column object. Figure 7 shows the distribution of the 
extent to which the objects in the design documents are used for their intended purpose: 

 

 

Figure 7 Figure shows the percentage of projects developed in 3D, which has objects which are 
utilized for their intended purpose 

In order to use the models for informed decision making it is important to have a design where 
3D models are created from objects that are used for their intended purpose. When objects are 
used for their intended purpose, it is possible to create model based quantity take-off, which 
among other things helps to reduce the uncertainty of material consumption. 

Need for more ICT coordination early in the project 
When different disciplines develop their models they must be coordinated in order to enable a 
subsequent assembly. The study shows that in 20% of projects the discipline models do not 

5 Solids are geometric objects represented in 3D, but without information-bearing properties which only contains infor-

mation of the geometrical dimensions. 
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use the same coordinates in the models, making the use of models difficult. Additionally the 
study shows that 32% of design documents from the designers don’t use gridlines coordinated 
between the disciplines. 

The models are the media through which information is shared and it is important to ensure 
that there is no ambiguity when different disciplines work with the objects. Therefore MT 
Højgaard is focusing on classifying6  objects as a parameter for good design information. If the 
design documentation is classified in a consistent manner, it can be used for collecting experi-
ence, for example prices of specific items are documented and recognizable. This enhances 
overview and clarifies how to use objects in the building model. But the research shows that 
53% of the investigated projects don’t use a classification system in design documents, hence 
there are no data to collect experience, calculate, handle ambiguity etc. 

Better quality can be achieved! 
Figure 8 shows that 77% of projects covered by ICT regulation have design documents in high 
quality, which is significantly more than 37% when all 100 projects are taken in to account, see 
Figure 1. In addition to having correlation between the quality of design documents which is 
done in 2D or 3D, the study demonstrates another interesting correlation. A number of pro-
jects, all of which are covered by the ICT regulation (health centres, hospitals, etc.), have de-
sign documentation in higher quality than the 100 projects. All projects, covered by the ICT 
regulation, are initiated with a common set of expectations regarding the use of 3D and BIM, 
and that it has a high priority. 

 

Figure 8 Figure shows the qualitative distribution of design documents for projects covered by 
the ICT regulations 

For projects covered by the ICT regulation, 95% of 2D drawings are based on 3D models (74% 
of the 100 projects), and on all projects (100%) has delivered a 3D model as part of the design 
specifications (61% of the 100 projects). To base 2D drawings on the model and to deliver the 
model is very important, since 2D drawings still form the contractual basis. 

6 The word classification means systematization of "objects" in classes. In the construction industry we are typical using 

SfB. The aim is to create a recognize structure of information, which also facilitates the collection of experience by equal 

objects having the same code. 
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Figure 9 shows both all 100 projects and the group of projects covered by ICT regulation. 

Figure 9 Figure shows the quality of design documents of the various disciplines of all 100 pro-
jects and for projects under the ICT regulation 

 

Figure 10 Figure reproduces Figure 3, but shows the quality of design documents for the group 
of projects covered by the ICT regulation (red) along with the rest of the projects (blue) 

As figure 9 and figure 10 show the average quality of design documentation for individual disci-
plines is higher for the group of projects covered by ICT regulation than in all 100 projects. At 
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the same time, it can be seen in Figure 10 that the majority of the projects covered by the ICT 
regulation is placed in the area with high quality of design documents both for the individual 
disciplines (x-axis) and for the entire project (y-axis). 

This indicates that it is possible to have a high quality of design, when a joint decision to priori-
tize 3D and BIM is made from the beginning. This increases the chances of a well-coordinated 
project as interfaces between the different subjects are determined early and the parties will 
have a better overview and thus a better and uniform basis for cooperation. 

Conclusion: Need for Stricter Demands to Design Quality 
The analysis portrays the level of quality of design documents in Denmark by assessing 100 
different projects in regard to type and contract terms. The conclusion is that the quality of 
design documents in Denmark is not good enough! 

63% of the projects are based on design documents with a quality (49% Medium and 14% Low 
quality) which requires either partial or complete redesign or are delivered with issues that 
directly affect the profitability of the project. This is the foundation in order for emphasizing the 
need for an increased focus to improve the design quality in general in Denmark. It is thor-
oughly documented what consequences an incomplete design gives, where errors and omis-
sions, delays and additional costs are amongst the most common, and that give impact to all 
parties involved. 

The analysis concludes that ICT agreements, modelling techniques, coordination of disciplines 
and a choice of 2D or 3D have significant impact on the quality of the design. The study shows 
that the quality of design has higher quality when it is made in 3D instead of 2D. At the same 
time, the study included a group of projects (which are included by the ICT regulation) where 
BIM have a high priority in order to verify if the quality of design documents are higher for 
these projects. The study concludes that design documents in this group have significantly 
higher quality (77% with high quality against 37% for the 100 projects), thus it can be con-
cluded that it is possible to achieve high quality when the requirements towards BIM are explic-
it and prioritized.  

Probably it is the joint decision to use BIM on these projects that give a good design foundation 
which supports the construction projects with better opportunities to make informed decisions 
and planning. Thus it can be concluded that there is a general need to tighten the requirements 
for the use of the ICT regulation in projects, with a particular focus on expanding the use of ICT 
agreements, ensure ICT coordination and management of digital construction objects. MT 
Højgaard has by this study demonstrated that these initiatives are crucial in improving the 
quality of design documents in Denmark. 

The spread of the design’s quality is large, which can be interpreted as an indication that some 
consultants provide designs that supports the use of BIM for a well-coordinated project. But the 
potential for better design information quality is still largely unexploited. Therefore, a common 
contribution is necessary to increase the quality of the design documents in Danish construction 
projects. One way to facilitate this is that the consultants increase their requirements towards 
BIM and introduces enhanced self-control of their design, making coordination and planning of 
projects more efficient. In addition, it is necessary that all parties in the construction industry 
become better at matching expectations towards BIM to provide a common platform for better 
design quality and a boost of productivity in the industry. 
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What Does MT Højgaard do to Increase Design Quality in Denmark 
MT Højgaard sees a potential in aligning expectations and tighten demands on the design in-
formation we receive, because it is the foundation for the continuing use of BIM which for ex-
ample include quantity take-off, prefabrication and planning of construction projects. This will 
create value for all stakeholders, not least the client.  

Additionally MT Højgaard has identified a potential in all parties on the project to verify the 
quality of the design information we use. This to ensure the best possible foundation for pro-
jects in the same way as it is done with the physical products delivered to construction sites. 

A collection of the results of good design information quality will increase productivity for the 
entire industry, by ensuring a solid foundation to make by basic decisions that affect the re-
maining of the project. MT Højgaard is continuously developing initiatives designed to strength-
en projects use of BIM and others which are designed to strengthen the foundation for the use 
of BIM in the industry. 

In order to plan and manage the economy of construction project MT Højgaard focus on best 
practice of BIM models. MT Højgaard’s process of verifying design documents is based on simi-
lar work from the Finnish COBIM and Norwegian Statsbygg and more. In this context MT 
Højgaard works with the following tools to improve information quality. 
MT Højgaard found that it is often unclear what information the individual actors must provide 
and at what time in the project. Therefore, we have created a Building Component Catalogue 
with Level of Development Specification with information levels inspired by the international 
Level of Development (LOD), developed by the Associated General Contractors of America 
(AGC) together with the American Institute of Architects (AIA), and adapted it to Danish and 
Norwegian conditions. The Building Component Catalogue with Level of Development Specifica-
tion should: 

- Assist project participants in construction projects to define the content of a BIM deliv-
ery as well as to get a clear picture of the contents of a BIM delivery 

- To help design managers and BIM coordinators in MT Højgaard to convey the infor-
mation to be contained in a BIM model at any given time 

- To give a reference to contracts and project's ICT agreement or BIM Execution Plan. 

The Building Component Catalogue with Level of Development Specification with information 
levels describes both the geometrical level of details as well as the necessary objects divided 
into six levels for a number of selected building elements. 
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