
- � -Prof. Tarek Hassan5th e-Services SymposiumEastern Province            March 2010

Vision for Industrialised, Integrated, 
Intelligent Construction

5th e-Service Symposium in the Eastern Province of 
Saudi Arabia

Prof. Tarek Hassan
Professor of Construction Informatics 

Loughborough University, UK

T.Hassan@Lboro.ac.uk



Prof. Tarek Hassan5th e-Services SymposiumEastern Province              March 2010

Loughborough University

� � East Midlands 14km

� � Birmingham 70km

� By train:

• Birmingham 1 hour
• London 1½ hours
• Manchester 2 hours
• Leeds 2 hours

� Adjacent to M1 motorway
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Loughborough University

� 3 faculties and 23 departments
� Nearly 15,000 students and 3,000 staff
� 10 ‘World Class’ departments
� Won six Queen’s Anniversary Prizes
� Highly sought after graduates
� ‘Best Student Experience’ 3 years running
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Introduction to I3CON

� Industrialised I ntegrated I ntelligent CONstruction
� Will enable the transformation towards a sustainabl e 

European construction industry delivering Industrially 
produced, I ntegrated processes and Intelligent building 
systems

� New value-adding business models and processes
� Integrated building operation systems and services,  

through fully integrated smart systems
� Reconfigurable, flexible and adaptable building spa ce.
� Lifecycle optimised building services and controls
� Reduction in energy consumption and waste productio n
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I3CON concept

� Innovation of:
• Product
• Process
• Services
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Stakeholders in I3CON

Stakeholders requirements capture and 
verification is a Focal Point in I3CON
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Scale

� 26 Partners from 14 countries
� Industry (contractors, building services, consultan ts); 

academia; research institutes and SMEs
� Budget 17.5 MEuros
� Funding 9.5 MEuros
� 4 years
� 1390 person months
� 2 years of preparation



Prof. Tarek Hassan5th e-Services SymposiumEastern Province              March 2010

European region
Spain, UK, Netherlands, Germany,  

Finland, Greece, Romania, Turkey, Slovenia, 
Switzerland, Poland, France, Sweden

Building Categories

Residential
Residential including Care

Offices
Education   

Retail
Multifunctional building

Stakeholder categories
A. Clients

B. Professional team
C. Contractors

D. Occupants
E. Occupants support services

F. Regulatory bodies
G. Infrastructure

4 dimensions

Fu
nc

tio
na

l Technical
Technology: WP subjects

Business Models
Building System Architecture
Components & Production Methods
Life Cycle Services & Facility Management
Operational Building Model

Framework for requirements
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Trends

� Economical / Financial
� Technological
� Building functionality
� Ecological
� Social
� Regulations
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0% 20% 40% 60% 80%

Focus on Life Cycle Costing

Focus on Energy Management

Focus on Facility Management Issues

Focus on Total cost of ow nership

PFI: -  encourage long-term responsibilities

Increase f lexibility and reduce costs 

Focus on energy costs

Building as commodity to financial community

Short term vs. long term occupancy

Variation in life-span: interior - construction

Other (not stated above):

Importance of trends (1)

Economic/ financial
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Importance of trends (2)

Technological/ building process

33%

35%

12%

0%

5%

21%

28%

14%

16%

9%

2%

5%

26%

21%

16%

0% 20% 40% 60% 80%

New building processes (procurement) 

New contract models (PPP)

Design - Simple, clear, puristic style

Design - large windows, a lot of light

Design - combination of materials

Design - high quality materials

Reconstruction, modernisation of old buildings 

Refurbishment

Modular housing - low cost units & higher quality

Increasing high-rise - improving safety & security

Increasing high-rise - central management system

Innovative housing - domotica 

Increasing automatisation (e.g. 'intelligent buildings')

Industrialised construction

Applying ICT in construction process
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Importance of trends (3)

Building functionality

28%

37%

33%

23%

5%

7%

5%
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37%

19%

23%
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0% 20% 40% 60% 80%

Impact of flexible working on housing and office
facilities

Multi-Purpose / Multi-use 

New solutions to existing building stock

Res. compl.-incl.shopping, entertainment &
recreational

Res. compl.- combination luxury villas & middle
scale

Res. compl.- at a distance from the city centre 

Res. compl. - quality & functional design (Trends
plus)

Res. compl. - security services

Res. compl. - earthquake-proof construction

FleXible buildings - adapt to changes of use

Increasing refurbishment

Increasing demand for reconfigurable office space

Other (not stated above):
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Importance of trends (4)

Ecological

28%

9%
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12%

7%

7%
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0% 20% 40% 60% 80%

Focus on climate changes

Changes in living environment -  urbanisation increases

higher eXpectations on well-being and hygiene

Increasing need for better IAQ and cooling

Increasing focus on energy efficiency - use the sun

Increasing focus on energy efficiency - solar energy

Increasing focus on energy efficiency - earth heath

Low-energy buildings 

Water mgt. / water supply - grey water

Water mgt. / water supply - re-use of rain water

EXpectations for thermal comfort & changes in climate

Move to nuclear generated energy

Research and products (varied temperatures)

More use of brownfield sites

Regulatory & repr. organisations as stakeholders

Generation of energy close to where it is used

Other (not stated above):
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Importance of trends (5)

Social

58%

19%

33%

30%

33%

26%

16%

16%

2%

0% 20% 40% 60% 80%

Social added value: focus on demands & desires

Increasing sense of insecurity & risk aversion

Improved knowledge infrastructure

Increasing life span of population - housing requirements

Increase smaller / single dwellings, small affordable family
units

24-hours economy

Increasing 'care in the community' rather than large institutions

Retail - out of town centres vs. increase in small town/ city
centre units

Other (not stated above):
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Importance of trends (6)

Regulations

35%

63%

28%

19%

47%

23%

5%

0% 20% 40% 60% 80%

Litiguous society - impact on design and management
of buildings

EU essential requirements - The Energy Performance
Building Directive

EU essential requirements - Indoor Air Quality (IAQ)

EU essential requirements - Fire legislation, safety
aspects

Quality standards & Certificates

Specific regulations for educating buildings

Other (not stated above):
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2
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The Hamburger Model
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Elaborated Hamburger Model
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Requirements Categories

� Flexibility
� Customer orientation
� Comfort
� Life cycle approach
� Building processes
� Energy management
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Flexibility

� New flexible space concepts
� Standardised configurable modular components
� Profile model approach for specification of 

characteristics and functionality of spaces
� Use case analysis and modelling of space usage 

and user interaction with building systems
� Development of a service configurator to allow 

easy configuration of flexible and value-driven 
building services
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Flat one Flat two 

Flexibility and Energy Efficiency
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Customer orientation

� Demonstrators (virtual and physical)
� Intelligent catalogue
� New business models
� Building services integration platform architecture  

enabling easy access for users and applications to 
all building information including real-time 
building automation and sensor network 
information as well as FM and service data base 
information
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Comfort

� Thermal comfort, air quality and productivity
� Development of new value driven Facilities 

Management service concepts and models
� Indoor air condition/comfort service and building 

services equipment's proactive remote 
maintenance service 
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Life Cycle approach

� Performance based business models based on 
total life cycle costing

� Lifecycle optimised service controls
� Building information system collecting data during 

use 
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Building Process

� Industrialisation of the building process
� Innovative production technologies
� Integration of building services
� Rapid manufacturing
� Defragmentation of the process (responsibilities 

and tasks)
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Multi-trunking system



Prof. Tarek Hassan5th e-Services SymposiumEastern Province              March 2010

What is Rapid Manufacturing

� Rapid Prototyping produces a likeness of a part
� Rapid Manufacturing strives to make ‘end use’ parts 

directly
� Driven by requirement for Mass Customisation
� Parts designed and built in one operation
� Move away from speed towards functionality
� Coming about through:

• Additive manufacturing 
• Better materials
• Diminishing use of RP
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Digital Construction (DigCon )

1. Input/Capture
Scanning

Parametric CAD
Recapture in process

2. Manipulate/Analyse
Simulation

Optimisation
Adding Functionality

3. Output/Print
Offsite/Onsite

Heterogeneous or 
continuous
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Implication on Design

� Geometry for “free”
� Conventional manufacturing: 

• Costs directly linked to complexity
� Additive processes:

• Costs linked to volume and build direction
• Complexity (geometry) not restrictive

• \ costs are independent of complexity
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Most important aspects
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Demonstration

� Example
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REEB: Roadmap for Energy 
Efficiency in Buildings

Intelligent controlTools fo
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Monitoring
Quality
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& control

Building
mgnt

Grid mgnt

District
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Visualisation
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Performance
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Behavioural
change

Interoperability
& standards         

Process
integration

Knowledge
sharing

System     
integration

Virtualisation

Integration technologies
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How ICT can Help

� CAD Software for EeB Design
� Smart Meters Deployment
� Building Energy Management 

Systems
� Changing Behavior by Real-time 

Pricing
� Standardised Building Information Data Models
� Holistic Energy & Facilities Management
� Pre-Manufactured Intelligent Façades
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Best Practices Categories 
(findings from REEB)

ICT forICT for
energyenergy
efficientefficient
buildingsbuildings

Intelligent
& integrated

control

Platforms
& technologies
for energy info
management

User 
awareness 
& decision 

support

Integrated 
design & 

production 
management

Energy
management 

& trading

Detailed simulation-
based energy design

Wireless sensor 
networks for energy 
performance monitoring

Smart grids

Early energy 
design Advanced integrated 

building modeling 
software

Smart metering for 
energy consumption 
awareness

Websites for collecting and 
disseminating energy-
efficiency "good practices"

Energy performance 
audit solutions

Standards-based solutions 
for building operation

Standards-based 
building life-cycle 
management solutions

Building management 
systems

Standards-based 
energy performance 
assessment software

Best Practice

REEB REEB 
core core 
topictopic

Main
Category
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How ICT can help

� Applied ICTs
• The smart meter itself: simple display for some basic information to the customer, a 

limited storage capacity, a clock, some limited command capabilities
• PLC (Power Line Communication) technology for transmitting data (up to the hub and 

down to the smart meter) 
• A hub , connected to all neighbouring smart meters storing all data 
• RTC, GSM, GPRS, Wireless or Internet technologies to send data from the hubs to 

the central management system
• The central management system , gathering all data and providing them to the different 

business units of the grid management company (Finance, Grid management, etc.)

� Impact
• At consumers' level : Reduced electricity consumption (consumer's behaviour change)
• At producers' level : Reduction of electricity production's costs through peak load 

management + Help to manage decentralized PV production 
• At grid managers' level : 35 Millions kilometres covered by the utility agents each year 

should be saved thanks to the remote online maintenance of the smart meters

� Smart meters deployment

Intelligent
& integrated

control
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How ICT can help

� Applied ICTs
• Embedded sensing.
• Automation and control including monitoring and sensors (voltage, current, etc.).
• Automated switches and controls and micro-processing capability.
• Decision support algorithms.

� Impact
• Interoperable connections and protocols allow holistic provision, operation, monitoring 

and maintenance of systems. 
• Various control and service software will run on a common integration platform, a 

“building operation system”. 
• Various building services (heating, cooling, lighting, air-conditioning, security etc.), which 

are currently often operated independently, will be managed holistically. 

� Building energy management systems

Energy
management 

& trading
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Digital Manufacturing will enhance the Next 
generation designs

It will help to provide systems with:
� multi-room or multi-zone video and 

audio,
� home cinema, 
� flexible and powerful lighting control, 
� integrated security systems,
� wireless networking,
� smarter cooling/heating control 
� and remote communication with your 

house.
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Intelligent Home using digital 
manufacturing - PSN enabled BMS

� Printed Sensor Network (PSN) by ALM
� A broad range of sensor data acquisition hardware i s commercially 

available that could be used for sensing conditions  in buildings.
� Wireless computer networking hardware components, w hich are 

becoming widely used today, could also be adapted f or use in sensor-
data collection for buildings. 

� The PSN component  comprises of an integrated wirel ess sensor 
network in the form of printed layer of material on  the surfaces of the 
building similar to adhesive tapes, which will be i nstalled throughout 
the occupancy zones of buildings reading data on:

• Temperature, 
• Presence, 
• Humidity, 
• Volatile organic compounds, 
• CO2
• Volume flow rate 
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Energy -generating home

� Technologies e.g.
� Wind turbine
� Solar panels 
� Fuel cells
� Heat pumps & exchangers
� Energy recovery & 

transformation 
� OLED lighting
� Sensors
� New materials:

• Insulation
• Phase changing
• Radiant heat barrier
• Photovoltaic 
• Electrochromatic

� Automation & control
� Feeding into grid
� Source: SUSCHEM SRA
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Thank you for your attention

T.Hassan@Lboro.ac.uk


