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BIM: we have been on a journey
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KILL BIM (the word) 
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To rethink our approach to the use of data

To innovate and reshape project delivery

To transform our industry 

BIM IS THE DIGITAL MEDIUM
THAT ALLOWS US TO DIGITISE THE AECO INDUSTRY
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what has change with 
#technology ?
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digital
clockspeed

1 minute….
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1966 : Science Fiction 2020 : Billion of Users (3.3)
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the number of transistors in a 
dense integrated 
circuit doubles approximately 
every two years

Gordon Moore – co- Founder Intel - 1965

4th Industrial Revolution is powered by Moore’s law

ex
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We don’t understand exponential
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12 Guttenberg 
Moments
Silvija Seres

Smart building and 
Smart City

Big Data and 
Data Analytics

Artificial 
Intelligence

Internet of 
Things

BIM

Modern Methods 
of Construction 

Additive Manufacturing AR, VR Robotics

Reality Capture

BlockChain

SAAS &
Servitisation
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How can I understand 
#digital transformation?
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Digital transformation – a framework

© Cogital AECO Digital Transformation Framework
© MIT Sloan: Digital Transformation Framework 

TransformIncubate

Digitise Optimise

Innovate how we deliver
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A framework to understand 
Transformation

• Digitise : digitised replacement 
of existing business (vinyl) and 
emergence of standards (mp3)

• Optimise : optimisation of  
existing business (mp3 player)

• Incubate : re-imagine for a digital 
world (mp3 streaming)

• Transform : bring the industry to 
a new normal (Apple Music,
Spotify)
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Digital transformation - outcomes

+26%-11%

-24% +9%

Innovate how we deliver
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er Optimise strategies drive up 

profit margins

Transform strategies reward 
new value creation

© Cogital AECO Digital Transformation Framework
© MIT Sloan: Digital Transformation Framework 
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Digital transformation – a framework

Disruption vs Transformation

• Insurgent are strong on 
innovation and iteration.  They 
have no brand and no customers. 
They need to steal customers 
(early adopters) from the 
incumbents.

• Incumbents have strong brands 
and relationships, with existing 
customers.  They need to learn to 
innovate and iterate.

© Cogital AECO Digital Transformation Framework
© MIT Sloan: Digital Transformation Framework 

TransformIncubate

Digitise Optimise

Innovate how we deliver
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New Business Models based on Platformisation

Combine business 
models as a route
to business growth

To understand the nature of business models today, we partnered 
with data science firm OpenMatters, who have spent the past 
five years investigating the relationship between business model 
and economic performance, in collaboration with the Wharton 
School’s SEI Center for Advanced Studies in Management and 
Harvard Business Review Press. Based on a three-year research 
program with Wharton, OpenMatters identified four distinct 
business models showing how companies serve and interact with 
their customers, to create di!erential value. As Figure 1 shows, 
each reflects an organization’s investment in a particular resource:

1. Asset Builders extract, manufacture, distribute or sell 
physical goods or access to them. Manufacturers, retailers 
and telecom providers fall into this group, which covers 
about 64% of the sampled companies today.

2. Service Providers hire and train skilled employees and 
sell their services. Banking, insurance, consulting and 
engineering companies are all service providers. About 24% 
of companies fit in this category.

3. Technology Creators develop and protect intellectual 
capital—often intangible products with incredibly low 
marginal costs of growth, such as software for example. 
In this group are software vendors, data and biotech 
companies. By their (“virtual”) nature, intangibles unlock 
far greater synergies and savings - a key source of new 
customer value added. 11% of companies operate this 
model.

4. Network Orchestrators create and maintain networks of 
people, things and information, facilitating interactions and 
transactions between them. Fewer than 1% of companies 
incorporate this model.

Source: OpenMatters Data & AI Analysis

Technology Creator
• Intangibles
• Cheaper/Faster growth
• P/R 6x

Company examples:
Microsoft, Salesforce, SAP, Shire

of companies
11%

Asset Builder
• Physical things
• Highest cost/Slowest growth
• P/R 2x

Company examples:
BMW, Carrefour, EDF, Marriott

Network Orchestrator
• Facilitation
• Cheapest/Fastest growth
• P/R 8x

Company examples:
Facebook, Just Eat, Priceline.com, Visa

Service Provider
• People
• High cost/Slow growth
• P/R 2x

Company examples:
AXA, BearingPoint, BNP Paribas, 
Deutsche Bank

of companies
64%

Hybrid

of companies
<1%

of companies
24%

Figure 1: Four primary business models

5
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Figure 3: Major Causes Behind Incumbents’ Slow Responses

Source: Capgemini Consulting Analysis

Kodak had most of 
the patents for the 
digital photography 
technology, but did not 
commercialize them 
aggressively as it feared 
cannibalization of its 
film business.

Complacency
Fear of 

Cannibalization

Lower Margins
in the 

Transition

Resources Unaligned to 
Opportunities

Slow Decision
Cycle

Slow Reaction to 
Digital Disruption

Lower Margins in the Transition

In industries where digital business has 
lower margin than traditional business, 
taking the digital path is often perceived 
as a signifi cant bet on the company’s 
future revenues. Incumbents hesitate to 
take the plunge. The newspaper industry, 
for example, has largely depended on 
advertising revenue to subsidize low 
subscription revenues. To transition to 
digital, where advertising rates are a 
fraction of what they are on print, has a 
signifi cant impact on profi tability. This 
can blind management to the potential 
opportunities of digital for new business 
models and sources of revenue. 

One company that has successfully 
tackled this challenge is the Financial 
Times. Today, over two-thirds of the FT’s 
audience is online. Mobile readership 
drives 50% of total traffi c and 20% of 
digital subscriptions. The total circulation, 
across print and online, for the paper at 
the end of Q3 2014 was 690,000, the 
highest in its 126-year history. One key 
reason for this, according to its manager 
of marketing and audience development, 
is that the FT thinks of itself as “a premium 
brand with high quality content”, and not 
as a newspaper11.

Key Resources Unaligned to 
Opportunities

In most organizations, people are treated 
as resources tied to divisions, products, 
services and business units. Managers 
are typically reluctant to let go of resources 
assigned to them for fear of any potential 
diminishing of their authority. Similarly, 
organizations tend to try and retro-fi t new 
opportunities into existing organizational 
structures. These political challenges 
pose signifi cant hurdles when it comes 
to digital disruptions that, more often than 
not, cut across the entire organization. 
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Key Resources Unaligned to 
Opportunities

In most organizations, people are treated 
as resources tied to divisions, products, 
services and business units. Managers 
are typically reluctant to let go of resources 
assigned to them for fear of any potential 
diminishing of their authority. Similarly, 
organizations tend to try and retro-fi t new 
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Secret of the insurgent success 

or People behaviour in incumbents?First with Technology?
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what does #digital transformation 
of AEC looks like?
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• BIM Deployment
• Digital Construction programme
• ISO19650 Certification & BIM Maturity

© Cogital AECO Digital Transformation Framework
© MIT Sloan: Digital Transformation Framework 

TransformIncubate

Digitise Optimise

Innovate how we deliver

In
no

va
te

 w
ha
tw

e 
de

liv
er



©Cogital 2020

©Killa Design
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Dubai London Bath New York
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Live Cloud Collaboration

Source & © Buro Happold
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Source & © Buro Happold
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UK Timeline – BIM becomes “Business as Usual” by 2025

Source & © BSI 2019
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Example: Arcadis Innovation: BIM100%
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Example: BIM Maturity and Certification

34
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Example: CMMI Maturity Measurement
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0.0

1.0

2.0

3.0

4.0

5.0

Strategy &
Plans

Work Winning

Organisation

Training

Capabilities

ISO19650 IM

Object Libraries

BIM Uses

BIM QA

Technology

Targets 2019
Actual

Description
0

non-existent

1

Initial

2

Managed

3

Defined / Standardised

4

Measured and tracked 

5

 continuous improvement 

This process is not in place Processes are usually ad hoc. The 
organization usually does not provide 

a stable environment

requirements are managed and 
processes are planned, performed, 

measured, and controlled (tipically at 
project level)

processes are well characterized and 
understood, and are described in 
standards, procedures, tools, and 

methods.  Processes can be in IMS 
or ISO9001

Quantitative objectives for quality 
and process performance are 

established and used as criteria in 
managing processes

Processes are continually improved 
based on a quantitative 

understanding of the common 
causes of variation inherent in 

processes

Frameworks
Governance

BIM strategy and Targets

A vision has been established for BIM as part 
of the wider company strategy to ensure BIM 
support the corporate objectives.  SMART 
objectives for BIM have been set.

No strategy
BIM strategy is implicit in 

the company strategy, with 
no set goals

A BIM strategy has been 
written at organition and at 

country level

A BIM strategy has been 
written using the global 

BIM strategy process

BIM strategy goals are 
tracked actively including 

Benefits realisation

Strategy and Goals are 
reviewed annually as part of 

planning process

BIM Implementation Plans

Organisational BIM implementation plans 
describe the investment plans in people 
training and capability, process adaptation, 
governance, and technology deployment

No Plan
BIM is being adopted based 

on initial needs

A BIM adoption plan has 
been written at organition 

and at country level

A BIM plan has been 
created to the company 
standards with SMART 

objectives

BIM objectives are tracked 
actively including adoption 

levels

BIM Plans and Objectives 
are reviewed annually as 
part of planning process

BIM Budgets in place
Investments budgets are required to deploy 
BIM, while ongoing spend must be integrated 
into BAU budgets

No budgets
Some funding available to 

BIM

BIM budget scope is 
defined  at organition and 

at country level

BIM budget requirements 
have been defined

BIM budgets have been 
created and approved

Budgets are reviewed 
annually against the 

Benefits driven business 
case (incl ROI)

BIM Policy in place

The BIM policy of the organisation sets out the 
principle and goals of BIM, how it is 
implemented and whether it forms part of a 
QA system

No Policy
BIM policy is written on 

needs basis
BIM policy is included in 

some projects
A BIM policy statement has 

been published

A BIM Policy is in place, 
integral to IMS and ISO 

certification

The benefits of the BIM 
policy are reviewed 

annually

Change plan  (communication, benefits 
tracking, …) in place

The BIM change plan describes how the 
conditions for cultural and process change are 
maintained trhough communication of 
communication and enablement

No Change Plan
Need to manage change 

has been recognised

Some elements of change 
are managed, such as 

communication

A BIM change plan has 
been written

The BIM change plan is 
complete, mandated, and 

approved

Change plan is reviewed 
annually to ensure effective 

BIM implementation

Reporting in place
BIM adoption, BIM activity, BIM innovation 
and BIM benefits are being tracked across the 
organisation

No tracking
BIM is tracked at project 

level on a needs basis

Dashboard are created to 
track key components of 

BIM: project level adoption, 
training, technology 

deployment, ROI, data 
quality, risk

Standardised dashboard are 
deployed across the 

organisation enabling 
benchmarking - included in 

the IMS/ISO QA

Dashboards are integrated 
in corporate dashboards 

and ensure ROI and 
outcomes of the BIM 

programme

pertinence of dashboardis 
reviewed annualy to 

improve tracking.

BIM Accreditation / ISO in place

At organisation level, a BIM accreditation can 
be achieved either by adopting the BIM 
process into ISO9001 process QA 
accreditation,  or by obtaining a separate BIM 
specific accreditation

No organisational BIM 
Accreditation

BIM accreditation is sought 
for project needs

Relevant BIM accreditation 
have been selected;  Gap 

Analysis to BIM 
accreditation has been 

recorded 

a plan is in place to achieve 
accreditation

ISO9001 or ISO19650 
accreditation has been 

achieved

Annual compliance and 
certification audit are 
conducted to provide 
improvement actions
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Construction

Source: Royal BAM Group
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Construction planning
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Reality capture for “as built verification”
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Generalisation and 
Standardisation of BIM 
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How do we build buildings better?
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• Design Automation
• Design Interoperability
• Design Collaboration
• MMC - Offsite

41

© Cogital AECO Digital Transformation Framework
© MIT Sloan: Digital Transformation Framework 
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Design Augmentation: Randy Deutsch – Super Users

43

© Randy Deutsch 2019
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© Randy Deutsch 2019
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Katerra Process Automation
PERMIT TO FABRICATION WALL DESIGN PROCESS

46Source & © Katerra Inc
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Buildings Data

Predictions

>550 
offices

>250,000 
members

%% better 
designs

#data + #machine_learning = 15% greater yield

WeWork optimisation

“WeWork is retraining a generation of 
Architects to think in terms of data”

Daniel Davies – head of research

Source & © We inc
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Skills distribution at Katerra design
IMPACT ON DESIGNER SKILLS AND EXPERIENCE 

BEFORE AUTOMATION
(JAN 2018)

AFTER AUTOMATION 
(JAN 2019)

48Source & © Katerra Inc
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Site as a factory

Source & © Mace Group Ltd
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The ‘Rising Factory’ – 55 hour cycle

https://www.youtube.com/watch?v=nE3uAWDyYTs&feature=youtu.be

Source & © Mace Group Ltd

https://www.youtube.com/watch?v=nE3uAWDyYTs&feature=youtu.be
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Source & © Mace Group Ltd
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How do we #disrupt AEC?



©Cogital 2020
53

• Land of the startups
• R&D programmes
• Corporate Incubation

© Cogital AECO Digital Transformation Framework
© MIT Sloan: Digital Transformation Framework 

TransformIncubate

Digitise Optimise

Innovate how we deliver
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Knowledge Encoding - Algorithmic design & Construction
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AI:
Augmented 
Intelligence

CAD: 
Computer 
Augmented 
Design

Source & © Brett Young M2X.ai 
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Knowledge Encoding – VR capture

56
Source & © Rhomberg Sersa Rail Group
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Knowledge Encoding – Planning rules & Design Rules

57
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Digital Fabrication – Mighty Building – ETH NCCR - ….

58
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Streaming engineering data – encoding collaboration
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Suppliers aggregation
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The next waves…

 
Where has all the money gone? And, more importantly, when’s it coming back? 
 
Like many of you, we’ve been carefully watching the flow of venture capital investments in construction 

technology; what we’ve seen has important implications for both startups and investors. 

 

Many of the major construct tech acquisitions of 2017-19 focused on software for project management 

and collaboration: 

• Autodesk – BuildingConnected and PlanGrid 

• Trimble – Viewpoint and eBuilder 

• WeWork – FieldLens 

• Oracle – Aconex  

ProCore, another major player in the project management space, remains an ‘expectant’ IPO. 

 

After these deals, there was broad speculation that other strategic software competitors targeting the 

built environment would follow.   But Bentley, PTC, Siemens, SAP, Dassault, Hexagon, Nemetshek and 

others have remained on the sidelines (with the exception of a few smaller transactions).   

 

And not for a lack of targets. Sorting through the billions that have come into the construct tech space, 

and focusing on firms that have raised $10m or more and not yet exited, we see three key areas that 

have garnered the lion’s share of the investment to date: 

• ‘Third wave’ construction – project management/collaboration technologies that leverage mobile 

hardware for data capture – colloquially, ‘field tools’ 

• ‘Fourth wave’ construction – tools that leverage some combination of photogrammetry, lidar, IoT, 

etc. for data capture; artificial intelligence and analytics for data analysis; and virtual reality 

(VR)/augmented reality (AR) /mixed for data display 

• Industrial construction – prefabrication/modular platforms – ‘nuf said, for now 

 

 
 Source & © Ascentage grourp
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Corporate Incubation

62
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How do we #transform AEC?
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© Cogital AECO Digital Transformation Framework
© MIT Sloan: Digital Transformation Framework 

TransformExcite

Digitise Optimise

Innovate how we deliver
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• Purpose
• Industrialisation
• Platforms
• Business Models
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Our Purpose
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Build Better Societies

We shape our buildings 
and afterwards our buildings 
shape us.

Winston Churchil

Build Better Buildings

If we succeed in carrying 
out industrialization, the 
social, economic, technical, 
and also artistic problems 
will be readily solved

Mies vd Rohe

Build Buildings Better

Every workhour builds the
right product safely, 
sustainably and productively 

Martin Fisher
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Switch to Industrial Mindset

Product SpecialisationPLMBrand
© Cogital 2020
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UK Strategy to overcome “Market Failure” to industrialise

Source:
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©Construction Innovation Hub 2020
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Re-structure supply chain from Trades to Assemblies
through Systems Engineering
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The industry response 
will follow the
AEC Smiling Curve©

©Cogital 2020
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Waves of integration re-intermediating the value-chain

Working paper not for citation and distribution  
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 113 
Figure 1. Different product specification decoupling points and the scope of configuration in product development 114 
(adapted from [27,28]) 115 

Furthermore, there are four typical design activities offered by configurators. They are 1) selecting standard prod-116 
ucts, 2) editing design parameters, 3) arranging spatial layouts, and 4) defining configuration rules. Table 1 pre-117 
sents the relationship between customer order decoupling points (CODP) of web configurators and available de-118 
sign activities. (“Limited” means no related flexibility is offered to users, who have the knowledge to control the 119 
design flexibility; “Available” means some degree of flexibility is offered to meet product design requirements.) 120 

Table 1. Design activities available to configurator users under various CODP scenarios 121 

CODP 
Select off-the-shelf 

products 

Edit design parame-

ters 

Arrange spatial lay-

outs 

Define configura-

tion rules 

Engineer to order Available Available Available Available 

Modify to order Available Available Available Limited 

Configure to order Available Available Limited Limited 

Select variant Available Limited Limited Limited 

 122 
2.2 Configurators in construction projects 123 
In the construction industry, buildings are one typical type of product. Unlike products in the manufacturing in-124 
dustry, buildings combine both product-level information and project-level information [29]. The product-level 125 
information includes prefabricated modules' design dimensions, engineering attributes, and factory production 126 
processes. The project-level information is typically ad-hoc, including site planning, site properties, site-built ele-127 
ments, and on-site activities. Thus, a configurator suitable for the construction industry should support both prod-128 
uct-level and project-level information management. For example, the firm Project Frog developed a configurator 129 
for timber panelized structures, shown in Figure 2. The Project Frog configurator is built upon a library of panel 130 
products (i.e. product-level information) coupled with rules from local building regulations (i.e. project-level in-131 
formation) [2].  132 

 133 
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the trade-off between geometry commonality and a variety of panels [35]. Yuan et al. integrate manufacturing and 179 
assembly constraints in the design phase by adopting a DfMA parametric design [5]. The outputs of the configu-180 
rators include 3D building information models, along with related data and documentation such as G-codes for 181 
NC machines, permit drawings, and bill of materials (BOMs) [36], among which drawing generation received the 182 
highest attention. For example, Deng et al. proposed a framework to generate fabrication drawings from 3D façade 183 
models by SolidWorks APIs [37]. 184 

 185 

 186 
Figure 3. Three typologies of configurators 187 
 188 
The three configurator typologies focus on planning, design and production separately. This separation enables 189 
greater flexibility for the first two typologies. However, users of first two typologies are not given input on the 190 
manufacturability of their decisions. It remains difficult to implement industrialized construction solutions using 191 
these configurators.  192 

An increasing number of industrial configurators are trying to offer an integrated approach that combines across 193 
typologies. For example, the Hypar, Testfit and PRISM configurators integrate across planning and design process 194 
seamlessly. Project Frog configurator is able to provide design and fabrication deliverables together. With the 195 
application of such integrated configurators, the reuse of process and technical solutions and the formation of 196 
stable supply chain could be facilitated [38]. In comparison to configurators that fit within a single typology, an 197 
integrated configurator enables a longitudinal continuity that enable stakeholders to maintain a common environ-198 
ment to control the project data. However, few studies explore the appropriate theoretical foundation for supporting 199 
the integration of single-phase configurators. 200 

2.4 Theoretical foundation for integrated configurators 201 
The integration across phases requires knowledge transferred upstream from engineering, production and assembly 202 
processes to design and planning processes. Previous research is to collect the knowledge from experienced pro-203 
fessionals and encode it into rules. However, one of the major shortcomings is that the rule sets are often too large 204 
and complicated in terms of a number of parameters involved in the design process [39]. To reduce the complexity 205 
caused by large volumes of parameters, modularity theory is used to define a set of components with the special-206 
ized interface as base units. Jaganathan et al proposed a design-manufacturing integrated model with the core task 207 
of decomposition. The concept of decomposition is to yield a set of building elements matched with manufacturing 208 
requirements [40]. However, this top-down approach requires mapping design features with manufacturing parts, 209 
then checking against the requirements with extra efforts. If any requirement is not satisfied, the decomposition 210 
operation loops back, and related design needs to be revised. By contrast, bottom-up approach makes use of abun-211 
dant available manufacturing parts and assemblies, developed based on modularization theory, to assemble a prod-212 
uct. Ramaji et al proposed a framework to capture the product information of modular buildings [41]. First, the 213 
product architecture is built, in which assemblies and parts are determined in a hierarchical way. Then, the varia-214 
tions of each assembly and part are decided as a set of interchangeable components, which share similar features 215 
and functionalities. Finally, the components and related attributes are categorized based on the level of details. 216 

Decoupling / re-integration point through Digital Configurators

Scenario B: collaborating national conglomerates

In scenario B, construction companies control the
information related to buildings and the customer
interface. Municipalities and the government regulate
the companies by setting service and quality require-
ments and by mandating the use of standards. The
construction companies are responsible for all phases
of a construction project.

The scenario is built on a few open and intercon-
nected cloud platforms, and the data then flow among
the buildings controlled by specific companies.
However, openness does not pertain to decision-making
at the construction project level as decisions are made
within disciplines, and the end-users are not involved.
For this reason, end-user innovations are limited. End-
users can change service providers. This resembles the
mobile operator model in the telecom industry where
mobile operators are mandated by national regulators
to use standard interfaces and to let end-users use the
same handsets on all networks. This scenario could be
considered the “mobile operator” model of the
AEC industry.

Scenario C: Internet of buildings

In scenario C, data flow freely across buildings, con-
struction phases and databases. End-users and owners
control the building information, and they are free to
choose from many services. End-user-driven innovation
is highly plausible because distributed and

participative decision-making flourishes. This scenario
resembles the “construction industry in 2030” scenario
developed by Erdogan et al. (2009). The authors
painted a picture of the construction industry where
business processes are integrated and aligned with the
goals of people, technology and place.

In this scenario, all buildings are interconnected
with de facto open standards. Open blockchains are
used for sharing data. However, in an open environ-
ment, sensitive and valuable data are at risk.
Information security and privacy procedures regarding
data integrity, access control and system availability
need to be in place. This scenario raises questions
about who owns the created data, on which terms it
can be shared and what kind of legislation should be
enacted to prevent the sharing of sensitive data.

Open data sharing allows easy entry for start-ups
that base their business models on available data.
Thus, this scenario opens avenues for creating new
digital services for the operation and maintenance of
buildings. For example, older individuals could be pro-
vided activity trackers that enable them to live longer
in their own homes. Thus, residency could also eventu-
ally become service-based instead of premises-based.

Scenario D: platform giants rule

In Scenario D, platform giants such as Microsoft,
Amazon or Google control the information related to
buildings, and the customers can choose services from
actors within an ecosystem. Each platform is protected

Figure 2. Four technology-oriented scenarios for development paths in the AEC industry.

CONSTRUCTION MANAGEMENT AND ECONOMICS 643

Scenario modelling

Source & ©ETH Zurich 2019 – Daniel HallSource & ©construction Management and Economics

Rita Lavikka et al
Digital disruption of the AEC industry: technology- oriented scenarios for 
possible future development paths 
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Waves of M&A with a possible re-distribution of 45% of the value
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We expect 40-45% of value pools to shift in the construction ecosystem based on 
shifts expected to impact the industry
Fully productized value chain in the sub-segments of real estate new build where shifts are the most applicable

SOURCE: McKinsey, Euroconstruct, FMI, CapitalIQ, expert interviews

Share of value pools expected
to decrease significantly

Share of value pools expected
to increase moderately

Share of value pools expected to
remain largely in line with current levels

Share of value pools expected
to decrease moderately

Share of value pools expected 
to increase significantly

Rationale

Expected 
shift 
(indicative)

▪ Significant 
expansion of 
product 
manufac-
turing
approach

▪ Less machine-
usage on site

▪ Emerging 
business 
models related 
to services 
could 
compensate 
decrease

▪ Standardization 
of materials 
expected, 
leading to 
commoditization

▪ New materials 
with better 
performance 
(e.g. light-
weight 
materials) 
expected

▪ Drawings/ 
design 
standardization, 
BIM object 
libraries, 
product 
development 
rather than 
each structure 
as a prototype

▪ Construction 
process 
expected to be 
shorter, 
leading to 
lower financing 
costs and 
decreasing 
market risk

▪ Complexity of 
development 
expected to 
decrease

▪ Off-site and modular 
construction players 
expected to have 
limited need of these 
players’ core activities 
(pallet breaking, 
financing, proximity 
for subcontractors)

▪ Complex site logistics 
requirements 
expected to remain/ 
slightly increase (just-
in-time)

▪ Standar-
dization of 
com-
ponents
expected, 
leading to 
commodi-
tization

▪ On-site labor 
expected to be 
transferred off 
site 

▪ Overhead costs 
related to project 
management also 
expected to 
decrease

▪ Digitali-
zation
expected 
across 
value 
chain, 
enabled 
by 
software

▪ Decreased demand expected 
for machinery used on jobsite 
expected to impact value 
pools negatively

▪ Machinery and tools used in 
off-site facilities expected to 
offset decrease to some 
extent

▪ Increase in volumes of 
robotics and automation tools 
expected, mitigating the 
negative shifts outlined 
above

Total 
value 
pools6

Development1 Design and
engineering

Off-site
construction

General 
contracting4

Specialist 
contracting5

Construction 
and assembly

Supply of materials, components, and machinery

Manufacturing of components,
material, and machinery Distribution and rental

Component
manu-
facturing

Basic     
materials
Manu-
facturing2

Machinery
manu-
facturing

Material
distribution
& logistics3

Machinery 
rental

Providing 
software

Total

1 Calculated by applying an assessed share of total value of development of output per asset class, allocated on top of total market output since a limited amount of standalone pure player developers have been identified 2 Looking at players processing 
raw materials but not the actual manufacturing of raw materials (e.g. mining) – if including all steps of producing and refining raw materials, the value pool would be ~2.5x bigger 3 Adjusted downwards to reflect that some things material distributors sell
don’t contribute to construction output (e.g. clothes, white goods) 4 General builders (buildings and other heavy construction); 5 Specialized trade construction; 6 Defined as Value added per player type

NOTE: CAGR view of players and market based on European view due to data availability

8-12%13-17% 5-9% 1-3%6-11%9-14% 20-
25% 9-13%8-12% 0-1%0-1%

40-45%

Value to be 
reshuffled in the 
ecosystem as a 
result of shifts

CONFIDENTIAL - NOT FOR CIRCULATION

Source:  McKinsey & Co The next normal in construction
How disruption is reshaping the world’s largest ecosystem
June 2020
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Integrations in 
search of new value 

leads to the 
emergence of 

digital platforms
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Is a Ubiquitous AEC platforms Likely and Desirable?

ENCORD Foresighting Report 2019 17
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Circular economy

Understanding how driving forces will impact 
the construction industry in Europe by 2030

A foresighting exercise by ENCORD and its partners 

European Network of Construction Companies 
for Research and Development

Source: Understanding how driving forces will impact the construction industry in Europe by 2030 
A foresighting exercise by ENCORD and its partners 
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the 1st Platform
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2020?

Built Environments

the 3rd Platform
We're Probably Living in a Simulation

Elon Musk
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1. Re-define the conversation between the designer and the asset

Creativity /ˌkriːeɪˈtɪvɪti/
noun

The introduction of ‘something new’ that leads to 
a result that is unexpected (as well as being 
valuable)

Creative designing can be described as 
perturbating the schema to produce unexpected 
and incongruous results.

These new results are still understandable either in 
a current or shifted context.

JS Gero
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2. A new ecosystem 
for platform 
Business Models

©Cogital 2020
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Hypar.io – emergence of generative design platform

81

History:
2018 – founded – by Ian K, inventor of Dynamo
2019 – seed round $4m Borealis
2020 – MVP release
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We’re headed to 30% servitization of Commercial Real Estate product

83

Source & © JLL 2020



©Cogital 2020

3. Digital Twins for the Public Good 

Information Value Chain

84

Principles
Digital twins of physical assets 
are helping organisations to 
make better-informed decisions, 
leading to improved outcomes.

Creating an ecosystem of connected 
digital twins – a national digital 
twin – opens the opportunity to 
release even greater value, using 
data for the public good. 

This paper sets out proposed principles 
to guide the national digital twin 
and the information management 
framework that will enable it.

The Gemini 
PrinciplesIn brief

Seize the moment

Everybody knows that digital 
transformation is happening. 
Many involved in creating and managing the 
built environment are already developing digital 
strategies and capabilities. But the full value of digital 
transformation cannot be realised without alignment 
and co-ordination across our industry. 

This paper seeks to build consensus on foundational 
definitions and values for e!ective information 
management in the built environment. 

While our industry’s digital transformation is still in its 
early stages, now is the time to act – for the benefit of 
business and the national economy, the public good 
and the environment. 

Digital twins, and a national digital twin
Digital twins are realistic digital representations of 
physical things. They unlock value by enabling improved 
insights that support better decisions, leading to better 
outcomes in the physical world.

Connecting digital twins to create a national digital twin 
(NDT) will unlock extra value. The NDT will not be a huge 
singular model of the entire built environment. Rather, 
it will be an ecosystem of digital twins connected via 
securely shared data.

An information management framework for the 
built environment is required to enable the e!ective 
management of information that is fundamental for 
the creation of a national digital twin.

Purposeful, trustworthy and functional
The NDT and the framework on which it 
is based will enable better use, operation, 
maintenance, planning and delivery of national 
and local assets, systems and services.

Based on the notion of ‘data for the public good’, we 
need strong founding principles to guide the NDT and 
the framework through their development and on into 
their use. Therefore, at the heart of the framework are 
nine values that we are calling the Gemini Principles.

Asset owners, mayors and other leaders in the 
built environment should embrace these principles 
in the development of their own digital twins.

The Gemini Principles

Next
Digital Framework Task Group: The DFTG 
must guide co-development of the information 
management framework and connect leaders 
who are developing digital twins. 

Leaders within the built environment:  
All involved in planning, creating and managing 
the built environment are urged to:
1. Build consensus on the Gemini Principles
2.  Help to develop and then implement the 

information management framework
3. Develop Gemini-compliant digital twins

Public good 
Must be used to 
deliver genuine public 
benefit in perpetuity

Value creation 
Must enable 
value creation 
and performance 
improvement

Insight
Must provide 
determinable insight into 
the built environment

Security 
Must enable security 
and be secure itself

Openness 
Must be as open 
as possible

Quality 
Must be built on data of 
an appropriate quality

Federation 
Must be based on a 
standard connected 
environment

Curation 
Must have clear 
ownership, governance 
and regulation

Evolution 
Must be able to adapt 
as technology and 
society evolve

Purpose: 
Must have 
clear purpose 

Trust: 
Must be 
trustworthy

Function: 
Must function 
e!ectively

Please share comments on the Gemini Principles: 
enquiries@cdbb.cam.ac.uk

Follow progress: www.cdbb.cam.ac.uk

6  I  The Gemini Principles The Gemini Principles  I  7

Principles matter. The National 
Infrastructure Commission’s 
report ‘Data for the public good’ 
recommended the development of 
a national digital twin (NDT), which 
will become a national resource 
for improving the performance, 
quality of service and value 
delivered by assets, processes and 
systems in the built environment. 

Why we need the 
Gemini Principles

The vision for Digital Built Britain is to enhance the 
natural and built environment, thereby driving up 
commercial competitiveness and productivity as well 
as quality of life and wellbeing for the public. This 
will be achieved through better planning, delivery 
and whole-life management of infrastructure and 
the wider built environment – enabled by mustering 
the full power of the information value chain.

The scope includes the whole built environment, 
existing and new. It includes the interfaces with 
the natural environment and the services delivered 
– social, economic and environmental.

To make the NDT functional, trustworthy and useful, 
we need strong founding principles to guide its 
development and to bring about alignment across the 
built environment. These are the Gemini Principles.

Alignment is key
This paper sets out the proposed Gemini Principles 
with the aim of building consensus. Establishing 
agreed definitions and values from the outset will 
make it easier for the industry to share data later.

The information value chain: 
showing the connection between 
data and better decisions that 
lead to better outcomes.4
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IOT & INTELLIGENT INFRASTRUCTURE
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©Microsoft 2020
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Sidewalk Labs – emergence of planning platforms

History:
Google x
Google x- flux.io 1.0
Flux Factory – Flux 2.0
Google Sidewalk Labs
Sidewalk Labs Generative design
Google R&D

86

©Sidewalk Labs
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Surveillance Capitalism is the defining issue of the decade

A civil liberties group in Canada is suing three tiers of 
government over potential privacy issues posed by Sidewalk 
Labs’s plan to develop a 12-acre smart city in Toronto, which will 
be approved or denied later this summer. The lawsuit aims to 
nullify the partnership that Sidewalk Labs, Google’s sibling 
company, has with the taxpayer-funded organization Waterfront 
Toronto. (Waterfront Toronto was created jointly by the federal, 
provincial, and municipal governments.) The Canadian Civil 
Liberties Association claims that Waterfront Toronto, let alone 
Sidewalk Labs, doesn’t have the jurisdiction to make rules about 
people’s privacy.

87

©Fast Company

https://ccla.org/ccla-commences-proceedings-waterfront-toronto/
https://www.fastcompany.com/90147178/alphabet-inc-plans-a-beta-city
http://ccla.org/cclanewsite/wp-content/uploads/2019/04/Notice-of-Application-CCLA-and-Lester-Brown.pdf
https://waterfrontoronto.ca/nbe/portal/waterfront/Home


©Cogital 2020

Epic Battlefield – Digital Platforms supporting full integrations

88

©Cogital 2020
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The business patterns of the construction industry

Manufacturing
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Software
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Media & Entertainment
Individual 
company

Individual 
external 
company

Connection from 
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external user
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frequency of 
connection
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Singapore Initiative - IDD

IDD focuses on the integration of all processes and stakeholders 
throughout the entire project lifecycle, enabled by digital technologies 

Common Platform & Standards, Computational Design, Internet of Things, Data Analytics, Robotics, Mobile, Cloud
Source: Singapore IDD
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Singapore Initiative - IDDPLATFORM ECONOMY IS EMERGING AS ONE OF THE MOST POWERFUL 
MANIFESTATIONS OF THE DIGITAL REVOLUTION

28

Sources –
Technology Vision 2016, Accenture
Digital America: A Tale of the Haves and Have-Mores, McKinsey Global Institute

Source: Singapore IDD
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EU Initiative - Digiplace

92

Three dimensions of Value Creation from Digitisation 

"Digital inside": Innovations in products (all types) 
 

 
 
 

Digital transformations of processes 
 

 
 
 
 

Radical/disruptive changes in business models 

~40 % AV growth ~50% ~40% ~80% 

Products Services

ICT sector

Products Services

ICT sector

The trend

Source: UE Digitplace project



©Cogital 2020

US initiative

© Katerra inc.
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“Apollo Software is the operating platform for the construction industry that will finally 
enable a transformation that many companies have been trying to accomplish 
for the past 20 years.”, Michael Marks

An Operating System for Construction
Alone in providing continuous, real-time, actionable intelligence across…
COST | SCHEDULE | MATERIALS | MANPOWER | LOCATION | PERFORMANCE

Source: Katerra inc.
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1. Open delta specification
2. Open REST API
3. Open source implementation

UK AEC DELTA – towards the Web2.0 moment for  AEC

© BuroHappold

Establishing the Narrow Waist of the AEC Internet
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supporters

project team

UK AEC DELTA – towards the Web2.0 moment for  AEC

18 month project. Started Feb 2019
Funded grant as part of UK Innovate - UK Industrial Strategy Challenge Fund
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https://github.com/aecdeltas

UK AEC DELTA – towards the Web2.0 moment for  AEC

Published reference architecture

https://github.com/aecdeltas


©Cogital 2020

In combination platforms will transform the construction ecosystem
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6) Install the modules 
to building structure via 
proprietary method

7) Complete the services in 
between modules, if required. 
These may include cabling work 
e.g. drawing cables through the 
cable containment system  
pre-installed in the modules 
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Emergence of New firms – “Assembler of products”

Assembler
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Forecast: 15% of market needs by 2035

Shifts have different levels of applicability within asset classes and their respective subsegments, and 
value redistribution is expected to affect them differently in the foreseeable future. Our baseline scenario 
estimates the adoption rate for the shifts outlined in this report at about 11 percent across asset classes by 
2035. Exhibit 16 shows an illustrative timeline of how the shifts are expected to affect new building projects 
in the various asset classes.

In real estate, for example, we expect an additional applicable volume of 15 percent of new building projects 
by 2035. This higher number is partly the result of the potential for standardization in single- and multifamily 
residential, hotels, offices, and hospitals. 

Across segments, the shifts could generate profits of up to approximately $265 billion for innovative players 
and customers (Exhibit 17). 

The shifts are expected to affect infrastructure to a lesser degree than real estate. Structures are more 
difficult to transport as subsystems than in real estate, and repeatability is often more difficult. Some 
segments—such as airports and railways, but also bridges or tubing rings in tunnels—show more potential, 
but overall this volume is small compared with roads, which are expected to be less affected. In our 
scenario, additional applicable volume for new building projects within the infrastructure segment could be 
approximately 7 percent by 2035.

Exhibit 16

Asset classes will be impacted at di!erent rates of speed.

Fully productized value chain in the subsegments of new build

Additional applicable volume for the potential in new build, % of total output per asset class
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~5%

~7%

~15%

~11%

53The next normal in construction

Source:  McKinsey & Co The next normal in construction
How disruption is reshaping the world’s largest ecosystem
June 2020
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Epic Battle – Transformation or Disruption?

Over the next 10 years, the 
battles between incumbents
and software-powered 
insurgents will be epic. Joseph 
Schumpeter, the economist who 
coined the term "creative 
destruction," would be proud. 

Mark Andreesen WSJ 2011 Aug
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© Cogital AECO Digital Transformation Framework
© MIT Sloan: Digital Transformation Framework 
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Technology has changed

#digital transformation is a journey

Data is the currency of this century

Get up the 
Digital 

Maturity curve

Become 
Digital Agile
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Digital Transformation is not a project

it is a Culture

a Mindset that will continue
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Industrialised Construction: systematic control of the total supply chain from 
design, fabrication, and manufacture, to installation and management

This white paper will establish a global framework for the use of industrialised construction as the way 

for the construction industry to rebound from the COVID-19 pandemic and seize this opportunity to  
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policymakers and private clients.
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Industrialised Construction:
The Rebound from COVID-19

An Industry white paper written by:

Sumit Oberoi, Executive Director,
AMCA - Australia
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Katerra Apollo - USA
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Industrialised
Construction

A high performance 
built environment

Economic 
Stimulus

A new Supply chain

The New Operating Model
Allows a safer productive
workplace under COVID-19
conditions, a more resilient
sector, upskilling the workforce

Economic Stimulus
Stimulate Construction
as the single opportunity
to transform

Building Performance
Implemanting these complementary 
measures Digital Twins,
De-carbonisation, Platformisation 
and behavioural shift

Unearthing the new supply chain
Mobilisation of modern methods of 
construction and restructuring
sub-assemblies, system and component based

Opportunities to Rebound Beyond COVID-19

Available at : https://www.cogital.tech/published-material
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