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Abstract
To analyse and compare different production methods, innovative designs and sustainability are 
essential keys in civil projects. A promising approach is to combine automated design methods 
supported by artificial intelligence (AI). The purpose of this study was to identify and describe 
knowledge gaps in this field and necessary method development. A series of interviews were 
performed with experienced personnel from the construction business in order to point out how 
evaluation of alternatives in today’s tender processes are performed. Furthermore, a literature 
review was carried out to determine the possibilities with AI. It can be concluded that requirement 
documents, and information management need to improve. Furthermore, several methods for 
multi-objective constrained optimization exists today. If this is combined with a set-based 
parametric design approach, contractors could increase their ability in finding opportunities.

Keywords: Digitalization; artificial intelligence; multi-objective optimization; automation.

1 Introduction
The EU-commission adapted a climate goal for a 
sustainable future, where all member states should 
be climate neutral by 2050 [1]. The concept of 
sustainability of today encompasses three 
categories: economic, environmental; social. Civil 
projects have a large impact on all these categories 
and will require extensive adjustments in order to 
successfully meet this growing demand, especially 
since the number of infrastructure project is 
expected to increase in forthcoming years [2]. To 
address more objectives than lowest price during 

design, is relatively rare. Sustainability 
performance is considered important during 
infrastructure project, although it most often 
comes down to overall cost, when decisions are 
made. A holistic view of sustainability should be 
adapted, where several objectives are optimized, 
to find a neat trade-off, when objectives are 
conflicting. In addition, client requirements are 
extensive and difficult to overview, hence 
enforcing constraints to contractor solutions which 
need careful consideration. Infrastructure projects 
need an increasing sustainability performance and 
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methods to quantify and automate this process are 
essential for success.

As mentioned, client requirements increase, are 
often very extensive and several stakeholders are 
included. Managing client requirements properly 
are important when opportunities are search for in 
projects, hence a systematic requirement process 
is desirable. From a given set of requirements, 
together with chosen objectives, an optimal 
solution is searched for, which entails the need for 
an automated processes since the solution space 
will be large. By tradition, the contractor evaluates 
possible solutions during a tender phase, largely by 
previous experience by individuals.  The number of 
studied alternatives is few, and the resolution of 
these evaluations are somewhat coarse. Thus, the 
potential to further develop methods for better 
alternative comparison is evident and will advance 
contractors in finding opportunities.

The accelerating digitalization of the construction 
sector is supporting the development of new tools 
and methods, however with varying production 
implementation.  For instance, is BIM in many 
aspects integrated in design and production, 
whereas AI is more of a discussion subject and is 
never used in practice [3]. The potential in 
increased digital support is however large. The 
amount of data managed during large 
infrastructure projects is huge and ever-growing. 
The future will probably require data-driven 
decision making with the support of AI, where 
complex problems are analysed with historic data 
together with advanced comparison of possible 
solution alternatives. Automated analysis with AI, 
also enhances the ability for contractors to engage 
in creative and innovative tasks since focus may be 
shifted towards holistic solutions rather than detail 
optimization [4]. This view entails the need for 
multi-objective constrained optimization to be 
further developed, which is an important factor for 
a successful project.

In conclusion, it is probable that the focus on total 
sustainability performance will increase in 
construction projects in a near future. 
Furthermore, multi-objective constrained 
optimization with AI will be an essential tool in the 
pursuit of pareto-optimal sustainable designs and 
production methods.

2 Purpose
The purpose of the pre-study is to identify, examine 
and describe knowledge gaps concerning the field, 
described in section 1, regarding turnkey contracts 
in Sweden. Best-practice as to how opportunities 
are analysed and searched for in the projects of 
today from a contractor viewpoint are also to be 
presented, together with an evaluation of the 
potential with AI. Moreover, how creative, and 
innovative tasks are managed in projects are also 
examined. For the most part, turnkey contracts are 
addressed from their intension of contractor 
influence and freedom, albeit transferable points 
can frequently be made, for other contract types.

From this, some guiding questions have been 
composed which are presented below.

 How can tender work improve when it comes 
to finding alternative and/or innovative 
solutions, while still meeting requirements 
with high quality together with multi-objective 
optimization?

 How many structural choices and technical 
solutions are evaluated today? How many 
objectives are evaluated, e.g., cost, CO2, 
buildability and so on?

 Is it possible to produced models in a time 
efficient manner, perform multi-objective 
constrained optimization on these, and draw 
conclusions from this, as to possible 
opportunities?

 Which method development is necessary in 
order to facilitate the finding of opportunities? 
Can methods be developed, to enhance 
contractor possibilities in their work of multi 
objective constrained optimization? 

3 Objective
Apart from answering the explicit questions 
formulated in section 2, the study contributes to a 
concrete summary of possible method 
development of multi-objective constrained 
optimization with AI. This will provide a starting 
point for further research to provide the 
construction sector with a better understanding of 
optimization of products and finding opportunities. 
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4 Method
The study is interdisciplinary and will consider 
several fields, for instance structural design, 
digitalization, AI, optimization and work processes. 
By a literature review together with an interview 
study, the intention is to examine and evaluate the 
formulated problem. The research front is also to 
be established together with the current position 
of the construction sector.

4.1 Literature Review

A state-of-the-art literature review has been 
performed according to the subjects of multi-
objective constrained optimization, parametric 
design and decision making with (and without) the 
support of AI. Learning criteria for the AI was also 
studied in relation to structural design and 
comparisons of alternatives. In this review, the 
possibilities with AI were studied together with 
what further demands that might arise from this 
development, rather than implementation of AI 
tools. The aim was to achieve a proper view of the 
potential with AI and what method development 
that are necessary, to implement this in the 
construction trade.

4.2 Interview Study

Interview has been conducted to establish best 
practice of the tender processes of today. What are 
the problems? Focus was on how comparisons of 
alternative solutions are carried out today with 
vast client requirements. Furthermore, suggestions 
for improvements were searched for and dealt 
with. The selection of interviewees was based on 
relevant work tasks (design managers, design 
specialists, region managers, digital development 
managers, project managers, construction 
workflow managers) and experience. In addition, 
both client and contractor are represented in the 
selection and in total 11 interviews were carried 
out.

5 Results
The results, from performed literature reviews and 
interviews are presented next.

5.1 Literature Review

Present requirement documents are to a large 
extent focusing on quality and detailed 
requirements even though the ambition from the 
major client is performance requirements. This 
approach would enable a more holistic view on the 
tender process, where a higher total sustainable 
performance may be achieved [5]. Performance 
requirements are indeed more cumbersome for 
the client since a higher level of interpretation is 
possible. The client should therefore aim for sharp 
and carefully selected performance requirements, 
hence requirements that establish clear client 
objectives and important conditions, while not 
enforcing unnecessary restraint on the contractor 
part. The possibility to influence design and 
consequently sustainability is greater early in 
tender offers [2,6]. Thus, sustainability should be 
evaluated through a thorough process and where 
alternatives are objectively evaluated. The choice 
of included sustainability parameters are 
important since this has a great impact on the 
outcome, where the result may vary depending on 
included parameters [7]. Several studies have been 
performed, comparing different sustainability 
parameters such as: material cost [8]; cost, CO2 and 
service life [9]; cost, CO2 and safety [10]; total 
energy and cost [11]; or as most common, cost and 
CO2 [12-16]. In addition, comparative studies of 
sustainability regarding different bridge types have 
been carried out, pointing to the fact that every 
project is unique. For instance, a concrete frame 
bridge may show the best sustainability in one case 
[17,18], whereas a steel-concrete solution is more 
optimal under other circumstances [19]. There are 
several standards today, describing a general 
framework for evaluation of sustainability 
performance, where an overview is presented by 
Ek et. al. [20]. Some hardship regarding these 
standards is in question since frameworks are 
theoretical and do not deal with practical 
implementation, hence one method for practical 
implementation of these frameworks is also 
suggested [20]. A case study is conducted in order 
to evaluate the potential of said method, where 
two bridges are examined [21]. Results indicate 
that total sustainability is multifaceted, where 
included parameters highly determine outcome.
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Traditional design process follows a point-based 
design procedure, where a design suggestion is 
developed before the tendering process by the 
client. The contractor refines this suggestion, 
however conceptually new designs for a given 
project is rarely evaluated. An alternative approach 
is set-based parametric design (SBPD), where a set 
of possible solutions are developed from all 
different available options in the requirement 
documents. Specific solutions are not treated in 
this approach; the set of solutions is defined from 
the available options. Alternatives are then 
eliminated during the ongoing process enabling a 
large number of alternatives to be evaluated 
compared to point-based design [22,23]. From this 
approach, more alternatives can be maintained 
during a longer timeframe of the design process. A 
SPBD can also be defined from constraints and 
requirements, i.e., what is not possible? [24]. This 
view enables even more alternatives to be 
processed which further underlines the need for 
automated methods with decision analysis. Case 
studies with SBPD have been performed, where the 
method potential is evaluated. Three already built 
bridges were analysed and compared with SBPD 
[22]. Results indicate that the studied bridges could 
reduce cost and CO2 significantly, when SBPD was 
utilized. Furthermore, reinforcement layout was 
studied with SBPD, indicating great potential, 
where the initial set of solutions were gradually 
reduced by constraints together with stakeholder 
preferences [23].

When the solution space increased from a large 
number of available solutions, automated methods 
are necessary. This approach can further be 
enhanced with support of AI for advanced decision 
analysis in the search for a pareto-optimal solution. 
These multi-objective constrained optimization 
problems are necessary to solve, when the client 
constraints are extensive together with a growing 
number of sustainability objectives. Several 
methods exist today for decision analysis where an 
overview have been presented [25]. Pros and cons 
can be found for all methods and no best practice 
is concluded.

Artificial intelligence (AI) can be used when the 
solution space increased from degrees of freedom, 
constraints, and objectives. The time for FEA is 

extensive when the number of models that need 
evaluation against constraints are large. An AI may 
be used to search for pareto-optimality with fewer 
calls for FEA, enabling a larger solution space. The 
general digitalization in the construction sector 
have increased the interest in AI tools, even though 
no practical implementation is known [3,26]. The 
possibility of increased productivity and data-
driven decision analyses is large, although 
successfully implementation in practice will require 
changes in standards, workflow, management, and 
professional knowledge [3]. A large number of AI-
methods, -algorithms and -tools have been the 
subject of many studies in the literature. During 
tender processes, an AI-tool was evaluated, where 
the tool analysed requirement documents, yielding 
decision support through information structuring. 
Good potential is shown, although historic data and 
information structure need to improve [27]. 
Window recognition on images have successfully 
been carried out as basis for energy calculations 
[28] and an AI-algorithm have also been trained on 
architectural drawings to produce new drawings 
[29]. Increased competition and sustainability 
focus indicate that methods for multi-objective 
constrained optimization needs to improve. A 
framework for this approach together with the 
support of AI and SBPD has been suggested [30]. 
Large solution sets are generated whereby an AI 
may be trained to predict an outcome. Different AI-
methods for optimization are evaluated such as 
Glowworm Swarm Optimization together with 
Simulated Annealing [31,32], whereby these 
methods successfully optimize several objectives. 
Furthermore, an artificial neural network (ANN) 
was trained together with a harmony search in 
order to predict correlations between parameters 
for a box girder bridge [33]. Results indicate that 
computation time could be reduced, although 
further development is necessary to find a better 
pareto-optimal solution. A Hybrid Simulated 
Annealing algorithm was examined to optimize 
multiple objectives, where it could be concluded 
that a reduction in total energy also reduced 
construction cost [34]. Additional algorithms for 
optimization of reinforced concrete have been 
evaluated from a structural point of view. For 
instance, the methods Flower Pollination [35] and 
Artificial Bee Colony [36] have both been able to 
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successfully solve the optimization problem 
presented. Bayesian Optimization have 
demonstrated effective results when several 
constraints are enforced [37,38], for instance when 
time expensive calls to FEA are required to evaluate 
load effects. When the problem size increases from 
many parameters, objectives and constraints, 
computing power will soon be limiting the process. 
Metamodels are one way of dealing with this issue, 
where an overview has been presented with pros 
and cons for different methods [39]. Furthermore, 
Kriging based heuristic optimization is also possible 
as to deal with larger problem sizes [40,41].

Most often multi-objective optimization is 
performed, cross-section geometry, material 
quality, cost and CO2 are the objectives of interest. 
Structural system optimization is rarer, although 
some examples are available. Topological 
optimization as to column placement for a bridge 
has for instance been examined with a sequential 
linear programming method [42]. Difficulties 
around local optimum for the method were 
reported albeit chosen objectives (volume, 
stiffness and eigenvalue) were analysed as 
conflicting. Likewise, column placement and span 
lengths were optimized for another bridge by a 
genetic algorithm and pattern search, where 
objectives were cost and environmental effect [43]. 
Results showed that objectives could be reduced 
by this approach. Optimization of shell structures 
has also been conducted where a form-finding 
algorithm evaluates loads and minimizes moment 
in the structure [44].

5.2 Interview Study

In general, there is more possibilities to influence 
design and production method early in projects 
phases, as for instance the tender process. Large 
infrastructure projects have a vast set of client 
requirements, originating from multiple 
investigations, land acquisition and social benefits. 
It is of great importance to see to that a client and 
contractor share the same objectives during a 
project, which is easier said than done. During a 
tendering process, it is appreciated from client 
perspective, for the contractor to be creative and 
to find smart solutions, while fulfilling client 
requirements. From this aspect, clients should give 
contractors as much freedom as possible in order 

to benefit from contractor knowledge of 
buildability and production experience, hence 
receiving low tendering offers. It is most important 
that requirement documents from clients are of 
high quality and complete. The opposite is however 
often the situation, where contractors receive 
requirement documents that are incomplete, with 
flaws and in addition, the contractor receive 
changes from the client, late in the process. In 
particular, site condition and geotechnical 
conditions have to be described properly in order 
for the contractor to be able to calculate a correct 
offer. Changes in these conditions most often 
render escalating costs, where conflict between 
client and contractor may arise. 

The challenge for a client when producing 
requirement documents, lies in including as little as 
possible but all that is necessary. This is of course 
easy in theory and difficult in practice. The client 
should be thorough and meticulous when 
preparing requirement documents, since the 
contractor will miss anything not provided. The 
contractor on the other hand, should be humble 
and cautious when analysing requirement 
documents in order to properly evaluate these, 
both as regards of what is written but more 
importantly what is not. This is the client’s 
possibility of adding degrees of freedom for the 
contractor, enabling their search for opportunities 
and competitive pricing. The tender process in 
Sweden is public, which entails that all contractors 
receive equivalent information. This not strange, 
however it poses some problems for a contractor 
when it comes to interpreting the requirement 
documents. It is not forbidden for a contractor to 
ask questions to a public client regarding 
requirement documents, however the answer to 
said question will be presented to all contractors. 
From this procedure, a contractor, who sees an 
opportunity but is uncertain of how this solution 
will be received by the client, do seldom ask 
questions to the client, from the risk of exposing a 
smart solution to competing contractors. Instead, if 
a possible opportunity appears, the contractors will 
wait for the tender process to finish, before 
pitching this matter, granted that the contract is 
secured.  The client should aim for performance 
requirements and avoid, as much as possible, 
detailed requirements. This approach provides 
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contractors with increased ability to use the 
presented degrees of freedom to find smart 
solutions. Of course, detailed requirements are in 
some cases necessary, originating from earlier 
investigations or court orders, although present 
requirement documents include way too many 
unnecessary requirements. This prevents the 
contractor from being creative and finding smart 
solutions. It is desirable from both a contractor and 
client perspective, to allow for a large amount of 
contractor freedom. However, there are also an 
increased responsibility on the contractor side 
from more freedom, that should be addressed. In 
addition, requirements should not always be 
interpreted with a black and white view, there is 
room for dialog with the client to find mutual 
beneficial solutions which sometimes require some 
requirements to be seen from different 
perspectives.

In general, opportunities are found by the 
contractor by utilisation of the degrees of freedom, 
provided by the requirement documents during 
the tender process. It is an important part of the 
tender process for a contractor to search for 
opportunities and smart solutions since this very 
well can determine the outcome.  This is especially 
important regarding large and complex projects 
together with a good dialog with the client. Much 
comes down to organisation and to have experts 
and competent personnel available. If an 
innovative solution is presented, more experienced 
personnel are required in order to evaluate the 
solution properly. Furthermore, it is beneficial to 
settle the organisation well before the tender 
process start and the organisation should include 
personnel, that in the case of a contract 
assignment, carries the production into effect.  

During the tender process, a contractor should deal 
with evaluation of alternative solutions. This is 
performed today, however the amount of analysed 
alternative solutions are between 2 to 8 for a large 
project. Furthermore, these analyses are often 
rather coarse where alternatives are screened 
fairly quickly. To attain a rewarding comparison of 
alternative solutions, it is important to early on 
start this work. The contractor should search for 
alternatives that match its competence and in 
addition try to find solutions that unravel client 

objectives and challenges. The resolution of the 
alternative evaluations needs to be on a level that 
enables relevant data to be extruded. Moreover, 
the cooperation between design, calculation and 
production is important to easier see the 
opportunities. 

Innovation is rare in the construction sector, which 
for one part is due to risk handling. New or 
challenging solutions come with risk for the 
contractor who will be responsible accordingly. 
From this, the benefits of creative or innovative 
solutions must outweigh the potential risks with 
said solution. Risk management is of great 
importance, and indeed it comes down to who the 
accountable part will be, if a risk does occur. In 
general, risks that can be managed by the 
contractors should also stay with the contractor. 
On the other hand, risks that are not obvious or risk 
that does not require contractor expertise, should 
stay with the client since the client only will have to 
deal with increased costs in those cases where the 
risk actually occurs. If a contractor manages risks in 
a more extensive way, clients will probably have to 
pay more over time, since they also pay for risk that 
does not occur. 

In order to achieve a profound design with a 
competitive production method, planning is of the 
essence. The contractor needs to develop 
construction documents where all technical fields 
are incorporated, avoiding rework. The tender 
offers have potential to improve although the 
contractor ambition is varying.

The digitalization is important to further enhance 
construction productivity. Present workflows tend 
to be rather sequential where design, calculation 
and planning need increased cooperation together 
with a joint data flow. AI may be helpful in these 
endeavours, although concerns regarding black-
box solutions and quality assurance exists. It is 
important that results are transparent and that 
underlaying data can be examined. Furthermore, a 
significant risk is also that the overall 
comprehension of the construction process is 
undermined from too much reliance on computer 
support. The potential with automated and digital 
workflow with support of AI is extensive. A data-
driven approach where huge amounts of data are 
available, would enhance sustainable solutions 
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where multi-objective optimization together with 
knowledge of historic projects are key elements.

6 Discussion
In order to successfully meet upcoming climate 
goals and demand for increased overall 
sustainability performance, further development 
of methods is necessary. The client requirements 
are extensive and will probably not decrease when 
more objectives in infrastructure projects are 
relevant. To successfully utilize and adapt, digital 
tools and automated methods, are essential if 
these demands are to be met. From the freedom 
provided by a client, a contractor has an 
unexploited potential in finding opportunities in 
projects, although the tender process needs to 
allow for more contractor freedom to ensure that 
the aim of turnkey contracts is met. Requirement 
documents are difficult to produce but need 
improvement so that contractors may utilize its 
expertise to the full extent. To find opportunities 
are important and comes down to experienced 
personnel. Increased support in this process, by 
multi-objective constrained optimization would 
enhance contractor in their pursuit of project 
opportunities. Several methods exist to perform 
such optimization together with AI, although none 
conclusive best practice regarding its 
implementation to design and production 
problems exists. To systematically evaluate a 
project by data-driven and objective means, will 
enhance contractor possibility in developing 
competitive tender offers. Organization is key and 
experienced personnel are essential in present 
workflow for finding opportunities. To add a new 
player, an AI, to this procedure could be much 
beneficial from providing new insights to a 
contractor.

7 Conclusions
When possible, clients need to enhance contractor 
freedom, enabling an improved search for 
opportunities from creative and innovative 
solutions. Today, this search is in large managed by 
experienced personnel with reference projects, 
discussing a few alternative solutions. An AI may 
produce solution suggestions in order to facilitate 
the search for opportunities and creative designs 

from this data-driven approach. Further method 
development is however necessary for a holistic 
multi-objective constrained optimization regarding 
sustainability to produce these suggestions.

Some specific conclusions are also made, which are 
presented in the list below.

 Both contractor and client have a journey 
ahead, in order to enhance digitalization in the 
construction sector to reap the potential of 
data-driven workflow.

 Requirement documents need to improve, and 
contractors need to increase their ability in 
pursuing opportunities.

 Alternative comparisons require advancement, 
both in numbers and resolution in order to 
better support contractors in finding 
opportunities. 

 Several methods for multi-objective 
constrained optimization with AI exits, 
however none is implemented in present 
projects or tender processes.

 Set-based parametric design show potential in 
producing large model spaces which could be 
combined with optimization and AI.
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