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1.1 Introduction
The proliferation of digital technologies is transforming many aspects of daily life, including how we work and the
interactions we have with each other. The number of digital tools and services on the market increases each year at
a compounding rate, and in this sprawling landscape, both mature and new technologies are changing the way we
build. While the industries that produce buildings have historically been slow to adopt new technologies, buildings
and the broader built environment have undeniably become more complex and more interconnected, offering new
features rooted in technological advancement. New business models, also rooted in digital technology, are emerging,
challenging the traditional real-estate industry and creating an environment that is ripe for disruption.
A building’s success is tied to its ability to compete in the real-estate market, and this pressure is even greater
for high-rise developments. Trends show that a building’s digital strategy will be a key ingredient for long-term
competitiveness and adaptability in the context of a fast-moving building technology sector (Castagnino et al 2018).
The CTBUH recognized the need to improve understanding of smart technology deployment in the design and
development community. The CTBUH Smart Technology Working Group was formed to develop a concise guide for
the non-specialist.
Digitization is changing the way we live, work and interact. Every year, the number of new applications and digital
services increases exponentially. In a sprawling landscape of digital tools, mature and new IT/IoT technologies alike
are changing the way we conceive of and construct buildings.
Buildings and the built environment, while relatively slow to adopt new technology, are becoming more complex
and integrated systems (see Figure 1.1). Connected technologies are making buildings “smart” and sophisticated in
the way they manage space, assets and resources. At the same time, buildings facilitate the productivity of tenants
and impact the user experience. Developments that combine a considered, appropriate technology suite with an
integrated design approach create new opportunities for innovation, interaction and investment. Smart buildings
can be tools for improving the health and well-being of the users and reach new levels of liveability, sustainability
and resilience.
Driven by changing consumer habits, increasing competition and the demand for cost-effective buildings, developers
are looking at alternative offerings to attract buyers and tenants, such as creating bespoke user experiences, reducing
operating costs, and improving green credentials. Estimates show new construction projects will spend between 1
and 5 percent of the total construction budget on information and communications technology (ICT) infrastructure,
hardware and software to develop a competitive edge in today’s, and the future real-estate marketplace.
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Figure 1.1: The rate of change in technology far exceeds that of the construction industry. © Ramboll Group
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Figure 2.1: A 'smart' tall building incorporates an array of instrumentation and data-collection paraphernalia, but a successful smart tall building fundamentally
integrates these systems into its architectural and programmatic design. © Ramboll Group

2.0 What is Smart?
The answer to “what does it means for a building to be ‘smart’?” is elusive, and the question is often posed by
clients contemplating the role of technology in their building project. The term “smart,” like the term “sustainable,”
is challenging to define, as it is in danger of becoming a buzzword empty of meaning. Here we propose a more
concrete definition of “smart”:
CTBUH defines a “smart building” as a physical and digital platform that gathers, manages, and acts on data to enhance
building performance, with a goal of promoting comfort, productivity, health and sustainability. A successfully realized
smart building not only increases the value of the physical asset, but the value of the people who occupy it.
Unlike conventional building management systems (BMS), smart buildings are built on open and scalable
architectures that are accessible and easy to understand. They provide non-technical owners, operators, and
occupants with the ability to understand collected information. Smart buildings alter their own operation to better
suit occupant needs, and can adapt to changing needs over time. At a technical level, smart buildings are constructed
from modern, open technologies that ensure maintainability and flexibility, as to resist obsolescence and provide
increased value for the greatest amount of time (see Figure 2.1).
The experience and well-being of occupants drives the design of smart buildings. The designers of smart buildings
understand that the experience occupants have is the product of all facets of the architecture converging with
passive and active systems. The designers endeavor to solicit smart systems that react to changing internal and
external conditions, providing an experience that improves over time.
It is critical to remember that the best smart building does not necessarily deliver the best technology; it delivers the
best experience to the people that use it. As the computer scientist Jaron Lanier puts it, “the most important thing
about a technology is how it changes people” (Lanier 2010). This idea rings true in the smart building concept, where
the integration of digital and physical systems opens new experiential possibilities, empowering occupants to be
more creative, productive, and collaborative.
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3.1 Introducing the Technology Deployment Design Process
Selecting smart building technologies is a recent and evolving process for the high-rise industry, fraught with new
considerations and requirements. Traditionally, decisions regarding technology have been left to specialists or
suppliers with limited direct engagement with the client, architect and the wider design team. Today, the potential of
intelligent buildings places many previously foreign considerations and decisions on the client and design team.

“Smart technology deployment
represents a significant investment for
building owners; it is therefore crucial
that this is based on a considered and
well-developed concept.”
The Technology Deployment Design (TDD) process was developed as a framework for clients and designers (nonspecialists) to engage with the new opportunities and constraints that smart technology raises for building projects.
The TDD process is meant to be a roadmap for decision-making and identifying considerations to be made within the
traditional design, procure and build process (see Figure 3.1). The following summarizes the key elements of the TDD
process, which are also described in more detail in the subsequent chapters.
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Figure 3.1: The Technology Deployment Design (TDD) process takes the stakeholder from conceptual design to tendering and procurement. © Ramboll Group
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4.1 Introduction
Building intelligence comes from the connectivity between the building systems, which enables the capture, sharing
and analysis of data. This connectivity is provided by a network of cabling, software, hardware, local area network
(LAN), wide area network (WAN) and wireless technology, collectively known as the information and communication
technology (ICT) infrastructure.
This section provides a basic introduction to ICT infrastructure and the key elements for consideration during the
design process.
4.2 Smart Building Platform
Smart buildings start with an intelligent and ﬂexible infrastructure. This infrastructure is based on a robust open
platform that supports a well-connected and integrated network of building systems and controls. An intelligent
infrastructure includes a data analytics platform that converts raw data into meaningful information.
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SMART SYSTEMS
ICT INFRASTRUCTURE
Figure 4.1: A schematic representation of smart building infrastructure. © Ramboll Group
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The smart building platform concept as shown in Figure 4.1 is a stack of systems and applications with ICT
infrastructure as their common foundation. The key elements of the platform are described below:

5.1 Overview
Digitization is giving buildings a voice. Through the billions of connected devices that are being installed throughout
the world, it is now possible for buildings to communicate with their owners, their occupants, their tenants and
their maintenance teams. In the digitization era, buildings can be much more responsive and flexible when meeting
occupant, tenant and building owner needs. It is important to understand what demands will be placed on a
building, based on the number of users and their different needs and characteristics. For example, in office buildings,
working culture and schedules directly affect building usage, as do the diverse needs of each user group: employees,
visitors, maintenance personnel, delivery people, etc. Since such groups may all have different needs and preferences,
the resulting design can be complex. In tall buildings, careful planning helps to manage complexity, maximize safety
and security, improve user comfort and satisfaction, and ensures that a project’s sustainability goals are met. Smart
building technologies provide opportunities help met each of these objectives.
In the office, people’s working patterns are changing. There is increased need for collaboration and flexibility, and
tenants are demanding better building performance. At the same time, tenant leases are getting shorter, and
expectations of technologically up-to-date facilities with digital experiences and communication technologies are
becoming ubiquitous. These needs, coupled with new ways of working, are driving office renovations (see Figure 5.1).
In the disconnected age of the past, buildings were passive and silent. Digitization is heralding a new age, in which
buildings can provide their occupants with a safer, healthier work environment; their owners with increased rents;
their tenants with a more productive workforce; their maintenance staff with reduced costs. Now, buildings are
becoming part of the team, and all teams have a lot to gain (see Figures 5.2 and 5.3).

Figure 5.1: Examples of the types of considerations that apply when designing smart office environments, from a people-flow perspectives. © KONE
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Case Study

The Edge
Amsterdam, Netherlands

Project Data
Year of Completion
 2015
Height
 58 meters
Stories
 15
Building Gross Floor Area
 40,000 m2
Building Function
 Office
Design Team
 Developer: OVG Real Estate
 Architects: PLP Architecture
 Main Tenant: Deloitte
 Interior Architects: Fokkema & Partners
 Structural Engineer: Van Rossum
Consulting Engineers
 MEP Consultant: Deerns
 Local Architect: OeverZaaijer
 Sustainability Consultant:
C2N Bouwmanagement
 Building Physics: LBP Sight
 Landscape Design: Delta Vorm Groep
 Contractor: G&S Bouw
 Façade Contractor: Rollecate
 Glass Roof: Brakel Atmos
 Advisors: Deerns, HC Groep
 Partners: Philips & MapiQ
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Building Use and Area
The Edge is a 40,000 square-meter, 15-story office building in the Zuidas business district in Amsterdam,
Netherlands. It houses 2,300 workers and contains a restaurant, café, meeting and reception center and
convenience store. The atrium gives the 58-m-tall building a unique form, and its orientation to the north lends
the work environment an open feel, flooding it with natural light, even on overcast days (see Figure 1). The atrium
also serves as a part of the building’s ventilation system, ensuring that the spent air from the offices is evacuated at
the top.
FORM EVOLUTION &

The Edge currentlyDAYLIGHT
houses ANALYSIS
law firm AKD and Deloitte, one of the largest management consulting businesses in
the world.

Traditional Workspace
Discrete Breakout Spaces
Figure 1: Form evolution vs. daylight
analysis. © PLP Architecture

Connected Breakout Spaces

3d Breakout Zone

Evolution of Workspace

Background
The Edge has been called the most intelligent and sustainable building in the world (BREEAM, 2019) . It boasts
an impressive array of technologies, that reduce its carbon footprint and operating costs, while enhancing
user experience.
It is estimated to be a net-neutral energy consumer and has the highest BREEAM score ever awarded, at 98.36%
(BREEAM-NL). It defines a new way of working—using information technology to shape both the way we work, and
the spaces in which we do it.
The Edge was designed by PLP Architecture and was commissioned to consolidate Deloitte’s employees—
previously spread across multiple buildings in the city—within a single building. From its inception, the goal was to
create a “smart building”, intended to be a catalyst for Deloitte’s transition into the digital age.The Edge was designed
with the most progressive sustainable practices in mind, including rainwater reuse and geothermal energy storage.
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Technology Highlights
Introduction
Technology is changing the way we live, work and interact. Every year, the number of new applications and services
increases exponentially. In a sprawling landscape of digital tools, mature and new technologies alike are changing the
way we conceive of and build buildings.
As stated previously, while this guide is not intended to provide a laundry list of technologies in the ever-changing
marketplace, the working group behind this guide felt it was important to provide a space in the document
to summarize the key trends in smart building technology. Appendix B, “Technology Trends” includes short
summaries introducing the highlights of key technology trends to the reader. The intent of Appendix B is to provide
a placeholder in the document, into which members of the Working Group and the wider Council can share
information about future trends in this age of digital buildings.
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Technology Highlight

Sensor Networks

From Left to right, Campbell Scientific Solid State Weather Station [model, Siemens CO2 Sensors [model], EcoBee rooms sensors.
© Postscapes and Harbor Research. Three Sensors (Campbell Scientific, EcoBee, Siemens). Reproduction Rights received.

Components
•
•
•
•

Microcontroller
Transceiver
Power Source
One or more sensors

Sensor Types
•
•
•
•
•
•
•
•
•
•
•

Flow Sensors
Voltage Sensors
Motion Sensors
Proximity Sensors
Humidity Sensors
Colour Sensors
Light Sensors
Pressure Sensors
Infrared Sensors
Vibration Sensors
Pressure Sensors

Suppliers
•
•
•
•
•
•

Siemens
Schneider Electric
Johnson Controls
Honeywell
EcoBee
Lutron

Sensors serve as the digital nervous
system of a smart building. Broadly
speaking, they provide the essential
feedback from the physical world that
smart building systems need to make
decisions without human guidance.
In a smart building, data collection
is usually a central objective, and
sensors are typically embedded
within nodes: -devices with one or
more sensors, a microcontroller and
communication hardware.
The first electric thermostat was
invented in 1883 by Warren S. Johnson
and deployed at State Normal School,
Wisconsin, which indicated the relative
temperature of rooms (Johnson, 1883).
Sensor technologies have evolved
in parallel with the advancement in
material science and engineering
(Mar and Parthasarathy, 2017). Rapid
advances, including miniaturization,
energy efficiency and cost reduction,
are some of the enablers of the datarich smart building (Crawford, 2016).
T he proliferation of sensor technology
and building management systems
(BMS) have developed into the
integrated intelligent buildings
concept; where the data from
multiple systems and sensors in the
building are integrated for increased

adaptability and performance. Advances
in connectivity and interoperability
are brining BMSes into the age of the
Internet of Things (IoT).
The price of sensors varies greatly.
To estimate costs, practitioners need
to thoroughly understand the use
case, and where the value of the
data intended for capturing lies. For
smart building applications, sensors
are almost always pre-purchased
embedded in a node. The accuracy and
durability requirements of the project
influence the cost of each node, and
the spatial resolution of measurements
needed (each floor, room or desk) is
helpful to understand how those costs
are distributed. Individual sensors can
cost anywhere from a fraction of a US
dollar to hundreds of dollars.
The most important trend in sensing
is "sensor fusion," the process of
combining “data from multiple sensors
in order to make inferences about a
physical event, activity, or situation.”
(Masnan et. al, 2012) The goal of sensor
fusion is improving the probability of
making optimal decisions.

Crawford, M. (2016) Making Sense of Sensors [Online]. Available at: https://www.asme.org (Accessed: 28 April 2019).
Johnson, W.S. (1883) 'Electric Tele-Thermoscope', SPECIFICATION forming part of Letters Patent No. 281,884, United States Patent Office, [Online]. Available at: https://patents.google.com/patent/US281884A/en (Accessed: 28 April 2019)
Mar, D. and Parthasarathy, K. (2017) 'Sensors for Building Automation' [PowerPoint presentation]. Building Automation Session 4 Sensing. Available at: https://training.ti.com (Accessed: 28 April 2018).
Masnan, M.J., Mahat, N.I., Zakaria, A., Shakaff, A.Y.M., Adom, A.H., Sa'ad, F.S.A. (2012) ' Enhancing Classification Performance of Multisensory Data through Extraction and Selection of Features', Procedia Chemistry, vol. 6, pp. 132-140.
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