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Abstract

Ambient intelligence (AmI) is a multidisciplinary paradigm based on the
Invisible Computer and Ubiquitous Computing. In AmI, technologies are
deployed to make computers disappear in the background, while the human
user moves into the foreground in complete control of the augmented en-
vironment. AmI is a user-centric paradigm, it supports a variety of artificial
intelligence methods and works pervasively, no intrusively, and transparently
to aid the user. AmI supports and promotes interdisciplinary research en-
compassing the technological, scientific and artistic fields creating a virtual
support for embedded and distributed intelligence. In this paper authors are
looking for possibilities to implement AmI as a way for saving energy in
the construction industry, especially in buildings. AmI combines ICT and
sensor technologies and enables monitoring, controlling and management of
using energy in buildings and becomes key factor of energy efficiency in the
construction industry.

Keywords: Ambient intelligence, energy efficency, sensor network, smart
environment.
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Figure 1 Relationship between AmI and several scientific areas.

1 Introduction

Ambient intelligence (AmI) started to be used as a term to describe “a di-
gital environment that proactively, but sensibly, supports people in their daily
lives” [1] type of developments about a decade ago and it has now been adop-
ted as a term to refer to a multidisciplinary area which embraces a variety of
pre-existing fields of computer science as well as engineering (see Figure 1).

Given the diversity of potential applications this relationship naturally
extends to other areas of science like education, health and social care, enter-
tainment, sports, transportation, construction etc. It may not be of interest to
a user what kinds of sensors are embedded in the environment or what type
of middleware architecture is deployed to connect them. Therefore, the main
thrust of research in AmI should be integration of existing technologies rather
than development of each elemental device.

On 16 February 2011, the General Assembly of the United Nations
adopted a Resolution (A/RES/65/151) declaring the year 2012 to be the
International Year of Sustainable Energy for All.

The European institutions, and especially the European Commission
(EC), have acknowledged that the construction industry is a key industrial
sector both in terms of employment and societal impact, and in terms of
energy efficiency targets:
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• The construction industry comprising construction, renovation, mainten-
ance and demolition of buildings and infrastructures directly employs
around 13.6 million persons and supports about 26 million jobs in
Europe. It represents 6.2% of GDP. Demand in Europe is coming from
private households, the business society and the public sector alike, the
latter dominating demand for infrastructure building.

• In terms of energy efficiency, Europe has recognized “Energy Efficient
Buildings” as a key industrial target – together with “Green Cars” and
“Factories of the Future” – for improving the use of energy and de-
creasing GHG emissions: Buildings (residential, public, commercial and
industrial) account for approximately 40% of energy end-use in the EU,
of which more than 50% is electrical power. The sector has significant
untapped potential for cost-effective energy savings which, if realized,
would mean an 11% reduction in total energy consumption in the EU by
2020.

• Energy Efficiency in buildings is estimated that the largest cost-effective
energy savings potential lies in the commercial buildings (around 30%)
and residential buildings (around 27%).

• Under the Directive on eco design of energy-using products (EuP) [2],
implementing measures laying down requirements for energy and en-
vironmental performance, are being enacted for ICT products used in
the buildings and construction sector [3]. There is scope for ICT to
contribute to further realizing this potential, through the application of
building and energy management systems, smart metering technologies,
solid-state lighting and lighting control systems, intelligent sensors and
optimization software. In view of the contribution to energy performance
of many different factors, including materials and in Europe techno-
logies, and the various potential trade-offs among them, developing
a systemic understanding of the energy performance of a building is
highly desirable.

• The estimated envelope for the proposed Energy Efficiency Buildings
Private-Public Partnership (EEB PPP) is 1 billion Euros. It is worth
noticing that ICT is referred to as follows: “Research on ICT for energy
efficiency in buildings, such as design and simulation tools, interoperab-
ility/standards, building management systems, smart metering and user
awareness tools”.

• The proposed recast of the Directive on the Energy Performance of
Buildings (EPBD) [5] introduces a general framework for a methodo-
logy to calculate the energy performance of buildings. Implementation
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of EPBD will yield a large amount of information on the makeup
of building stock across Europe. Such information provides a useful
baseline for the buildings and construction sector, as well as policy-
makers. It also opens up opportunities for a collaboration framework
between the ICT and buildings and construction sectors that is to be
established with a view to exploiting opportunities for the development
of software applications for the purpose of compliance with the EPBD.

• It is therefore a strategy acknowledged by the EC that the ICT sector
is to be invited to work together with the buildings and construction
sector to identify areas where the impact and cost-effectiveness of ICTs
can be maximized, and to specify requirements. Ambient Intelligence
is able to promote interoperability between auditing tools, and building
and energy management systems, with a view to developing a systemic
understanding of a building’s energy performance. Then AmI could be
applied for collection, aggregation and comparative analyses to sup-
port benchmarking and energy efficiency policy evaluation. AmI has
an important role to play in reducing the energy intensity and there-
fore increasing the energy efficiency of the building where it has been
implemented, in other words, in reducing emissions and contributing to
sustainable growth. AmI is expected to generate a deep impact in the
energy efficiency of buildings of tomorrow.

2 Current Situation in Croatia in the Construction Industry

Based on the alignment of Croatian legislation with EU legislation, as
well as transfer of Directive 2002/91/EC on energy efficiency and Dir-
ective 2006/32/EC on end-use energy and energy services, the institutions
responsible for implementing this program are established in the Republic
of Croatia. These institutions are: Ministry Economy, Labor and Entrepren-
eurship (MELE) and the Ministry of Environmental Protection, Physical
Planning and Construction (MEPPPC). Croatian Government adopted at
the 14th session held 10th of April 2008. Action Plan for Implementation
European Directive on Energy Performance of Buildings in the Croatian
legislation.

Both ministries aligned their legislations with the requirements of Dir-
ective 2002/91/EC, the Ministry of Economy, Labor and Entrepreneurship
adopted the law on efficient use of energy for end user consumption (Official
Gazette (NN) 152/08), and the Ministry of Environmental Protection, passed
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the Physical Planning and Construction Act (NN 76/07, NN 38/09), of which
in particular Articles 3, 4, 5, 6, 7 and 10 regulate the issues specified.

Additionally, the MEPPPC created:

• Technical regulation on the rational use of energy and thermal protection
of buildings (NN 110/08, NN 89/09).

• Technical regulation on heating and cooling buildings (NN 110/08).
• Regulation on Energy Certification of Buildings (NN 113/08, NN 91/09,

NN 36/10).
• Methodology for conducting energy audits of buildings (the decision of

the Minister on 10 June 2009).
• Rules on conditions and criteria for persons who perform energy audits

and energy certification buildings (NN 113/08, NN 89/09).
• Technical regulation on ventilation, partial air conditioning and Building

Act (NN 03/07).
• Technical regulation for windows and doors (NN 69/06).
• Technical regulation for chimneys in buildings (NN 03/07).
• Regulation on Energy Certification of Buildings (Official Gazette

113/08, NN 91/09, NN36/10).
• The methodology of conducting energy audits of buildings (decision of

10 June 2009).
• Rules on conditions and criteria for persons who perform energy audits

and energy certification of buildings (NN 113/08, NN 89/09).

Transfer of the Directive into the laws governing the energy and energy
efficiency under the jurisdiction of the Ministry of Economy, Labour and
Entrepreneurship, which adopted:

• Law on efficient use of energy in final consumption (NN 125/08)
• Law on Construction Products (NN 86/08)
• Law on energy efficiency in final energy consumption (NN 152/08)

The law on energy efficiency in the consumption of energy efficiency
shall be the area of efficient energy use in the final. This law provides for
the adoption of programs and plans for improving energy efficiency and their
implementation, as well as energy efficiency measures. It also specifically
regulates the activity of energy services and energy audits, and obligations of
public sector undertaking and large energy consumers and consumer rights
on the application of energy efficiency measures. It should be noted that this
Act does not apply to energy efficiency in energy production and energy
transformation, transmission and distribution of energy, and the conditions
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for conducting energy audits for the issuance of building energy certification,
energy audits or to the boiler for heating and air conditioning systems in
the building relating to special regulations in the field of construction. The
purpose of this law is to achieve the goals of sustainable energy development
in the following areas:

• Reducing negative environmental impacts from the energy sector.
• Improve security of energy supply.
• Meeting the needs of energy consumers.
• Fulfillment of international obligations in the Croatian area of reducing

emissions of greenhouse gases and encouragement of energy efficiency
in the sectors of final energy consumption.

The Croatian Standards Institute as a national standards body has adop-
ted, through technical committees covering the area of energy efficiency in
buildings, the majority of international and European standards as Croatian
standards to which reference is made in the application of the rules on the
energy certification of buildings.

3 Energy Performance of Building

By definition, the energy performance of buildings is the amount actually
consumed or estimated consumption for different needs in accordance with
the assumed (standardized) using the building and includes heating energy,
domestic hot water heating, cooling, ventilation and lighting. The amount of
energy is calculated taking into account insulation, technical and insulating
properties, exposure solar light, the influence of neighboring structures, own-
energy generation and other factors, including indoor climate, which affects
the energy requirements. Accordingly, a general methodology is established
for defining the energy performance of buildings, including:

• Thermal performance of buildings,
• Air,
• Heating,
• Installation of hot water,
• Ventilation,
• Air Conditioning,
• Lighting,
• Position and orientation of buildings,
• Passive solar systems,
• Protection from excessive solar radiation,
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• Natural ventilation, and
• Indoor climate conditions.

The previously described methodology should take into account the positive
impact of the following factors:

• Active solar systems and other systems for heating and electricity
production based on renewable energy sources,

• Heat and electricity cogeneration,
• District heating and cooling, and
• Natural lighting.

Residential and non-residential buildings are divided into the following
classes of energy:

Class of Energy QH, nd, ref Specific annual energy use for heat-
ing in the reference climatic data in kWh/(m2)

A+ ≤ 15
A ≤ 25
B ≤ 50
C ≤ 100
D ≤ 150
E ≤ 200
F ≤ 250
G > 250
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4 Rational Use of Energy and Thermal Protection in
Buildings

According to the degree of complexity of the technical regulations on the
rational use of energy and thermal protection in buildings (NN 110/08, 89/09)
varies:

(a) Buildings with simple technical systems: residential or non-residential
buildings without heating, cooling and ventilation, and with individual
systems for domestic hot water, and buildings with individual and cent-
ral heat source for heating without special heat recovery systems, with
distribution thermal energy and the central or alternative systems for
domestic hot water without using alternative systems, and individual
cooling units, ventilation without heat recovery and limiting noise in
ventilation systems without additional air treatment.

(b) Buildings with a complex technical system: residential or non-
residential buildings with a central plant sources of heat for heating
or cooling buildings with central hot water, with systems measurement
and distribution of heating and cooling energy, central cooling systems,
ventilation systems and air. conditioning systems with heat recovery and
limit noise, air and additional treatment. It is also considered complex
technical system and the building used for heating or cooling energy
derived from alternative energy supply system, remote central heating
or cooling, refrigeration systems, ventilation devices with controlled
heating and cooling air and air-conditioning devices, including the asso-
ciated cooling devices and other buildings that are not considered simple
technical system.

Alternative energy supply systems are:

• Decentralized energy supply systems based on renewable energy,
• Cogeneration and trigeneration,
• District or block heating and cooling,
• Heat pumps,
• Condensing boilers and low-temperature, and
• Other systems with heat recovery.

Technical requirements for the rational use of energy and thermal protection
in buildings are regulated by:

• Maximum permitted annual heating energy per unit of useful floor area
of the building, or per unit volume of the heated part of the building.
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• The maximum transmission coefficient of heat loss per unit of surface
area of the heated part of the building.

• Preventing overheating of a building due to the effects of solar radiation
during summer

• Air permeability limits the building envelope (for the time period when
people stay required number of changes of air n = 0.5 h−1, and while
people do not stay n = 0.2 h−1).

• The maximum thermal transmittance of certain parts of the building
envelope.

• Reducing the impact of thermal bridges.
• The maximum allowed by condensation of water vapor inside of the

construction of building.
• Prevent surface condensation.
• Placement of radiators.
• Limitation of coefficient of passing the heating thermal heating in panel.
• Mounting elements for the regulation of heat.
• Technical measures for the elements of heat distribution in buildings.
• Demands on the system of forced ventilation or air conditioning.
• Return to heat incoming air to ensure the building is ventilated with a

number of mechanical devices air change n > 0.7 h−1 and the air flow
> 2500 m3/h.

• Prohibit the use of heating systems based on electric resistance from the
year 2015 on. Until then, for the new building values QH, ndx1, 3 must
be less than the allowable.

• Dynamic thermal characteristics of building elements of the building.
• Mandatory central plant for hot water in new buildings with more than

three residential units, except for buildings with a connection to dis-
trict heating, gas-heated buildings, houses in a row or if the annual
consumption of energy is less than 25 kWh/(m2a).

• Separate calculation of energy performance of buildings if the design
temperature varies by more of 4◦C, for different purpose, different
thermo system or is there a difference in the mode of use thermal
engineering systems.

5 Primary Energy End-Use Splits

Most of the energy used in a home goes towards conditioning the space,
which is often more affected by the size of the house than the number of
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Figure 2 Residential primary energy end-use.

occupants. Heating, cooling, and lighting are still the largest single energy
end-uses in a home, despite increased energy efficiency of this equipment.

How energy is used in a commercial building has a large effect on energy
efficiency strategies. The most important energy end-use across the stock of
commercial buildings is lighting, accounting for fully one-quarter of total
primary energy use. Heating and cooling are next in importance, each at about
one-seventh of the total. Equal in magnitude – although not well defined by
the Energy Information Administration – is a catch-all category of “other
uses” such as service station equipment, ATM machines, medical equipment,
and telecommunications equipment. Water heating, ventilation, and non-PC
office equipment are each around 6% of the total, followed by refrigeration,
computer use, and cooking.

Balancing the risks of human health impacts and building materials
damage with the benefits of energy savings and sound level reduction is a
challenging matter. Decisions made will depend largely on the microclimate,
state of existing insulation efficacy and budget available for insulation. Meth-
ods of improving on achieving balance of risks versus benefits may consist
of the following structural changes in insulation decision making: aggressive
promulgation of information about health risks that may arise from building
insulation to homeowners, commercial property owners, building managers
and local building officials; elimination of government involvement in insu-
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Figure 3 Commercial primary energy end-use.

lation programs, in favor of state and local programs, where knowledge of
local meteorology and radon risks may be known better; removal of certain
arbitrary insulation requirements on building skins, that may not have been
developed with comprehensive understanding of health risks; and pursuit of
research into improved methods of insulation that may allow a prescribed
amount of air exchange through the building skin, and that might avoid use
of toxic materials.

6 Energy Efficiency and Renewable Energy in Buildings

Virtually every part of a building’s structure – from its placement and
design to the appliances it contains affects its energy consumption. Climate-
responsive architecture and whole building design consider the building’s
surroundings and local climate in order to construct energy-efficient build-
ings.

Proposed priorities by the EU:

1. Energy Performance Certification as a driver for step-by-step renova-
tion: capturing the market.
Actions bringing about increased uptake of the recommendations for
energy efficiency and renewable energies of energy performance certi-
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ficates. The actions should result in increased demand on the market for
step-by-step renovation. This could include actions related to financing,
resolving the owner/tenant dilemma, engaging consumers in relation to
the significance of the recommendations made on buildings certification
issued in line with the Directive on the energy performance of build-
ings (EPBD); bringing the industry together to develop one-stop shop
solutions, etc.

2. Nearly Zero-Energy Buildings: transforming the existing building stock.
Actions resulting in accelerated rates of refurbishment of existing build-
ings into Nearly Zero-Energy Buildings. This could include actions
assisting the public sector on going beyond the proposed 3% renovation
target, supporting the private sector, bringing together industry elements
to provide packaged solutions, promoting frontrunners, etc.

3. Building as designed: quality and compliance in construction.
Actions resulting in improved quality in construction and compliance
to building codes in support of Article 10 of the recast EPBD (Dir-
ective 2010/31/EU) and Article 13 of the RES Directive (Directive
2009/28/EC). This could include market observatories, quality seals, etc,
resulting in increased consumer confidence and demand for high quality
construction in new buildings and renovations. In addition, establish-
ment of robust benchmarks and knowledge of the actual performance of
early renovations and installations will be a pre- requisite.

As previously mentioned in this article we use AmI as contribution in
theory which demonstrates that energy consumption can be lowered by ef-
fective control and management. Efficient use of energy is dependent of
using energy efficient materials, devices, systems and technologies that are
available on the market, to reduce consumption energy to achieve the same
effect (heating, cooling, lighting, cooking process, washing, etc.). The US
Environmental Protection Agency and the US Department of Energy support
the Energy Star approach based on the PDCA (Plan Do Check Act) concept
(see Figure 4). Energy efficiency is the fastest, cheapest, and largest untapped
solution for saving energy, saving money, and preventing greenhouse gas
emissions. Through Energy Star, EPA has helped thousands of businesses
and organizations tap these savings in the places where people live, work,
play, and learn.

According to the US Department of Energy’s Energy Information Ad-
ministration, commercial buildings alone account for 18% of the total energy
consumption. A major overhaul at the iconic Empire State Building helped
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Figure 4 Energy Star management and control aproach.

raise the profile of energy efficiency. This project, which included replacing
6,500 windows, adding insulation, upgrading lighting, and installing a digital
wireless monitoring system is powering a 38% annual energy reduction and
$4.4 million in annual savings.

7 AmI Applications

AmI is a developing approach of using different ICT and sensors technologies
which consists of applications which can in specific cases contribute in energy
efficiency.

7.1 Ambient Intelligence in the Buildings and City

In the US and Canada, a large number of community networks supported
by grass-root activities appeared in the early 1990s. In Europe, more than
one hundred digital cities have been tried, often supported by local or central
governments and the EU in the name of local digitalization. Asian countries
have actively adopted the latest information technologies as a part of national
initiatives. In the past 15 years since the first stage of digital cities, the de-
velopment of the original digital cities has leveled off or stabilized. In spite
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of that, by looking back at the trajectory of the development of digital cities,
it is clear that digital environments in cities have often benefited from the
previous activities on various regional information technology spaces.

User-oriented design, privacy preservation, personalization and social in-
telligence are some of the fundamental concepts the area has to approach
efficiently in order to encourage acceptance from the masses.

The basic idea of ambient intelligence is to connect and integrate tech-
nological devices into our environment such that the technology itself
disappears from sight and only the user interface remains. Representative
technologies used in ambient intelligent environments are collaborative ma-
chine assistants (CMAs), for example, in the form of a virtual agent or
robot.

It is expected to develop a series of recommendations for ambient in-
telligence: general; service aspects; network aspects; human and ambient
interface and protocol; physical layer on the wireless path; speech and video
coding specification; terminal adaptor for human: ambient to ambient in-
terface; network inter working; service inter working; equipment and type
approval specifications; operation and maintenance.

Applications are an important part of AmI architecture and to en-
able communication between sensors implemented in building. Middleware
architecture is used (see Figure 5).

AmI has the characteristics of a smart environment and it has an allo-
centric view. It needs location maintenance and it is based on information
availability. From a sensors’ point of view it allows the sensors’ independ-
ence and it defines sensory equipment. Our assumption in this article is that
using network of sensors as input for AmI application is possible to achieve
efficient control and management of building where network of sensors and
AmI application is implemented. In this way AmI enables energy saving.

7.2 System for Setting Ground Rules and Submission in
Building

Important element in management of building is an application on a
user device that takes data from the system setup and submission in the
space/environment.

The assumption is that the user will have a positive impact on using of
space if there is information on what is expected of him. Simple examples
are temperature and lighting, more complex examples can be shortcut defin-
ition, noise, etc. The prototype would be a monitor at the entrance of a
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Figure 5 AmI architecture with middleware.

particular zone, the message about the availability of basic rules for deal-
ing with space/environment, data exchange with a person who enters the
space/ambient. Download the data may be arbitrary or optional. Once you
step into the Ambient and the user share data, the user’s device may show
recommendations, warnings about deviations/differences. Users can decide
whether to turn off the light because it is the intensity of illumination greater
than defined in the downloaded recommendation, the temperature deviates
from the level recommended by the host, etc. New buildings would be
equipped with such systems, and the extension into existing buildings would
be easy. This would be drive mechanisms for the introduction house rules.

7.3 Sensor Networks Applications

Sensor networks may consist of many different types of sensors such as seis-
mic, low sampling rate magnetic, thermal, visual, infrared, acoustic and radar,
which are able to monitor a wide variety of ambient conditions that include
the following:

• Temperature,
• Humidity,
• Vehicular movement,
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Figure 6 Positions of sensors related with loses of energy.

• Lightning condition,
• Pressure,
• Soil makeup,
• Noise level,
• The presence or absence of certain kinds of objects,
• Mechanical stress levels on attached objects, and
• The current characteristics such as direction and size of an object.

Sensor nodes can be used for continuous sensing, event detection, event ID,
location sensing, and local control of actuators. The concept of micro-sensing
and wireless connection of these nodes promises many new application areas.

AmI consists of different integrated applications and in combination with
using new technologies and building materials properly has a significant
impact on energy savings and energy efficiency.

We can note the following systems and characteristics:

1. HEMS – Home/Building Energy Management System

• Autonomous control of optimum A/C by season and operation
mode.

• Optimization of electricity usage with “CO2 minimization mode”
and “energy cost minimization mode” as well as “visualization” of
CO2 emissions and energy cost.

• System to minimize the effects of outages

2. . V2H – Vehicle to Home System

• Effective use of electric vehicle battery.
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• Electricity can be supplied from vehicle to home on days when
vehicle is not to be used or to minimize effects of outages.

• Vehicle battery can by remotely controlled by mobile phone.

3. Home-use sustainable energy

• Natural energy, which is easily affected by weather conditions, to
be stored in batteries.

• Stable ecological power available from batteries.

4. Natural ventilation

• Linked to HEMS, ventilation system operates autonomously sens-
ing weather conditions.

• When operating, opening and closing of vents is automatically
controlled by wind pressure to adjust room temperature.

5. Walls and rooftop isolation and greening

• Room temperature rise limited, load on A/C cut.
• Direct sunlight blocked by greening of walls and roof.
• Comfort and energy saving with effective placement of plants.

6. Electronic window management

• Electronic film curtain on window can be made opaque with a
switch.

• Power saving by allowing in natural light, and privacy.

7. Home-use fuel cell

• Total electrical and heat efficiency and durability of fuel cell.

8. Home server

• Platform to control systems such as HEMS and V2H based on Web
technology.

• Control of home appliances by mobile phone.
• Home security, control and monitoring of home appliances.
• Comfortable and convenient living through ICT with multi-use

server and wireless sensor network.

9. Smart outlets

• Advanced multifunction power outlets controllable via the Web.
• Working in combination with HEMS to monitor and control each

home appliance.
• Priority of each outlet can be set to cut power in case of outage.
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10. Compact, advanced power storage device

• Power is stored at night for home-appliance standby use.
• In case of outage or instantaneous voltage drop, stored power is

immediately discharged by linkage to HEMS to minimize the effect
(High – e.g. Server; Medium – e.g. TV; Low – e.g. A/C).

11. Breaker with indicator light

• When a breaker trips, even in darkness, the switch can be located
with certainty,

12. Induction heating

• Application of IH technology.
• No heat source in the body of the iron for instance means there is

no danger of burning.
• Preheating unnecessary.

13. Home health management

• Daily home health check in the bathroom.
• Automatic measurements taken in the bathroom include for ex-

ample urinary sugar and blood pressure.
• Results stored and analyzed in home server.

Before we choose the technology to implement all necessary sensors to
enable monitoring and management of using energy, we reviewed several
technologies used in ambient intelligence applications. The first one was de-
veloped in 1975, when a company in Scotland developed X10. X10 allows
compatible products to talk to each other over the already existing electrical
wires of a home. All the appliances and devices are receivers, and the means
of controlling the system, such as remote controls or keypads, are transmit-
ters. If you want to turn off a light in another room, the transmitter will issue
a message in numerical code that includes the following:

• An alert to the system that it is issuing a command.
• An identifying unit number for the device that should receive the

command.
• A code that contains the actual command, such as “turn off”.

All of this is designed to happen in less than a second, but X10 does have
some limitations. Instead of going through the power lines, some systems use
radio waves to communicate. However, building automation networks don’t
need all features of a WiFi network because automation commands are short
messages. The two most prominent radio networks in building automation are
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ZigBee and Z-Wave. Both of these technologies are mesh networks, meaning
there is more than one way for the message to get to its destination.

Z-Wave uses a Source Routing Algorithm to determine the fastest route
for messages. Each Z-Wave device is embedded with a code, and when the
device is plugged into the system, the network controller recognizes the code,
determines its location and adds it to the network. When a command comes
through, the controller uses the algorithm to determine how the message
should be sent. Because this routing can take up a lot of memory on a net-
work, Z-Wave has developed a hierarchy between devices: Some controllers
initiate messages, and some are “slaves”, which means they can only carry
and respond to messages.

ZigBee’s name illustrates the mesh networking concept because messages
from the transmitter zigzag like bees, looking for the best path to the receiver.
While Z-Wave uses a proprietary technology for operating its system, Zig-
Bee’s platform is based on the standard set by the Institute for Electrical and
Electronics Engineers (IEEE) for wireless personal networks. This means any
company can build a ZigBee-compatible product without paying licensing
fees for the technology behind it, which may eventually give ZigBee an ad-
vantage in the marketplace. Like Z-Wave, ZigBee has fully functional devices
(or those that route the message) and reduced function devices (or those that
do not).

Using a wireless network provides more flexibility for placing devices,
but like electrical lines, they might have interference. Some solutions offer
a way for home/building network to communicate over both electrical wires
and radio waves, making it a dual mesh network. If the message is not getting
through on one platform, it will try the other. Instead of routing the message,
a device will broadcast the message, and all devices pick up the message and
broadcast it until the command is performed. The devices act like peers, as
opposed to one serving as an instigator and another as a receptor. This means
that the more devices that are installed on a network, the stronger the message
will be.

There are currently several million km of existing data cable installed
within commercial buildings. Wireless building solutions embody the pre-
vailing goal of sustainable buildings: Reduce, Reuse and Recycle. Fewer
wired and more wireless solutions mean less disposed cabling will end up
in landfills and less waste will be burned and emitted as toxic gases into the
environment.

System Retrofits: Wireless solutions are ideally suited for existing spaces
because they eliminate the need to remove floors, walls or ceilings to access



238 A. Kerner et al.

Figure 7 Different sensors distributed in building constitute ambient intelligence and contrib-
ute in energy efficiency.

control products. People or processes no longer need to relocate while up-
grades are under way, allowing continued access to labs, sensitive storage,
health facilities and critical process areas.

Mobile Applications: The ability to monitor the home via smart devices is
a trend, since smart phones and tablets are changing user habits and gaining
ground as the primary interface of Home Automation (HA) systems. HA
systems now offer apps to let customers use mobile devices to control them.

8 AmI Applications – Example

Connect the gateway to an open network port of your existing internet router.
Using this option, the data from one re more ECM-1240 devices is sent
directly to a professional data hosting center. (Requirement is an existing
high speed internet connection and internet router with a spare Ethernet port
(standard RJ-45 connection).)

Some of the many options include real-time and historical graphical and
tabular data are viewable over the internet. Charts may be viewed using
iPhone or similar devices. Energy conservation performance report cards
automatically emailed. Email or text alerts of potential issues such as: fridge
not running, sump-pump not cycling, peak demand about to be exceeded, sys-
tem down/power outage, to name a few. Indoor, outdoor temperature options
Net metering capable.
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Figure 8 Sensors distributed in building enables measure power purchased from power
company and power used by individual house loads.

Figure 9 Sensors distributed in building enables measure power purchased from power
company and power used by individual house loads.

Figure 10 The power used by various loads are charted and may be viewed “live”.
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Figure 11 Example: “Living Room TV” – load profile makes the ON-OFF times obvious.

The previously mentioned examples illustrate that the bottom up ap-
proach enables collecting data at different levels and according to that
information ambient intelligence is able to contribute in energy efficiency
by automatic tuning of energy consumption or by proper suggestions to the
facility manager or even to the end user of particular space in a specific
building.

9 Conclusion

In most countries, buildings are the largest driver for both energy use and CO2

emissions. The 160 million buildings of the EU, for example, are estimated
to use over 40% of Europe’s energy and to drive over 40% of its carbon
dioxide emissions. According to the US Energy Information Administration
(EIA), the share of energy and GHG emissions associated with buildings
is even larger in the US, with 48% of the total. Top down methodology is
driven by EU Commission and Governments. AmI applications enable bot-
tom up methodology for increase of energy efficiency of buildings. A simple
example shows that implementation of wireless sensors combined with mon-
itoring tool and wireless power switch can, in the shape of different AmI
applications, contribute in energy efficiency.

Information is power: At least a third of the carbon savings in the resid-
ential and commercial sectors come from behavioural changes. Information
about the amount of Energy a householder is using is essential to help con-
sumers to reduce consumption and increase efficiency. Smart Meters are
being developed to enable the utilities to take remote meter readings – es-
sential for providing customers with regular and accurate power bills. Energy
efficiency on its own is insufficient. This is because it is usually a relative, not
absolute figure. For instance, with refrigerators, the energy efficiency index
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comes from the relationship between total electricity use over a year and
the volume of the interior of the refrigerator. As a result, the manufacturers
have been producing more energy efficient refrigerators, that are both larger
and, in absolute terms, consuming more electricity. The same situation occurs
with housing, e.g. washing machines. Our work shows that the availability of
information about using energy by connecting buildings to the Internet can
contribute to changing behavior of building/home users and owners. Some
additional research should define how many buildings and users constitute a
representative pattern to confirm that statement.
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