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1. Preface

The project ‘ICT as a Motor of Transition” aims to examine how the innovative
application of ICT can contribute to more energy-efficient transport habits and
facilitate more sustainable ways of managing and using buildings — without the
need for drastic changes in the city’s physical structure. The project is an extended
in-depth study and forms part of current research into urban sustainable
development in the SitCit project at KTH Environmental Strategies Research —
tms. The full title of the SitCit project is ‘Situations of Opportunity in the Growth
and Change of Three Stockholm City Districts — Everyday Life, Built
Environment and Transport Explored as Energy Usage Systems and Governance
Networks” (SitCit, 2010). It is an ongoing, cross-disciplinary, five-year project in
collaboration with the Department of Energy Technology at KTH. An important
part of the SitCit project is a methodological approach that integrates actors and
measures in describing a process of change — in other words to look at ‘What’ can
be transformed in parallel with transformation ‘By Whom’

The ‘ICT as a Motor of Transition” project focused on ICT solutions for energy-
efficient and sustainable ways of managing and using buildings in the existing built
environment.



2. Introduction

ICT could play a role as a key enabler for decreasing energy usage in buildings and
at the same time create new business opportunities driven by the need for energy
efficiency. Throughout the life cycle of a building, most energy (~80%) is used
during the operational stage (REEB, 2009a). The decisions made in the early
design stages or in renovation stages for existing buildings thus influence about
80% of the total life cycle energy usage, while the impact of user behaviour and
real-time control is in the range of 20% (REEB, 2009a). Therefore there is an
urgent need to find new possibilities to decrease the energy usage in buildings.

2.1 Purpose and Aim

The overarching aim of this study was to identify, list and describe ICT
applications that can reduce energy use in buildings. The focus was on the
management and operation of buildings. The ICT applications presented here can
be used without the need for drastic changes to the built environment or to
infrastructure.

For each area of application, we made a brief study of the actor perspective, the
possible energy savings, personal integrity questions, synergies and conflicts
between different types of objectives. We examined issues such as: Who are the
users of the different ICT systems? Who will own the ICT systems and who are
the actors providing and operating them? How can different actors influence
energy use and its impacts by using ICT technology, software and services?
Normally, no single actor is the sole provider, owner and operator of any complex
ICT system; instead, different forms of collaboration are needed, such as
networks, private-public partnerships, temporary project organisations and
governance. Three main actor perspectives are discussed in this study, residents in
rental properties and housing co-operatives (condominiums, Swedish ‘bostadsrat?),
building owners (facility managers and operators) and energy supply companies.

A question addressed is the amount of reduction in energy use a specific
technology or service could provide. Energy was defined here to include
electricity, heating of space and hot water.

The study covered ICT used for automation, information and persuasion. Here,
we used these words to indicate the intensity and type of interaction between the
ICT device and its user. We also looked at the level of automation, persuasion and
information that is acceptable to the user: Are users more willing to be informed
or persuaded if they understand and accept the purpose? To what extent does this
apply to other users than residents?

Finally, synergies occur when different concerns work towards the same end and
conflicts occur when different concerns seck different outcomes. This study
attempted to identify where these synergies and conflicts can occur.



2.2 Limitations

The focus in this study was on ICT software, services and hardware that can be
used in existing buildings, without the need for refurbishment or extensive
change.

The life cycle of a building has four separate phases, namely planning,
construction use/operation and destruction. This study focused on the usage
phase. Thus, production technology was not included.

The focus was on ‘Greening with ICT’, rather than ‘Greening of ICT” and thus
the energy efficiency of the ICT system itself was not examined.

The results refer in the first instance to dense parts of Swedish cities, but in the
second instance to all of Sweden. Much of the analysis is also applicable to other
high-income countries, especially in Europe.

A stakeholder in this area that was omitted for practical reasons was district-
heating providers, as we only considered electricity providers in this study.

2.3 Method

The Web of Science (ISI) and Google Scholar were used to find relevant titles and
abstracts of articles.

The following search words were combined:
e Buildings, Facility, House*, Apartment or Flat
e Manag*, Control, Use

e ICT, Information Technology, Telecommunication, Application, System,
Program, Software

e Energy efficiency, Intelligent, Smart
e Sustainable, Environmental, Low Carbon, Green

Approximately 70 articles were found. After thorough analysis and comparison of
abstracts, some 20 articles were selected for further study. Many articles focused
on e-health and smart home technologies for the eldetly and/or disabled and since
this was not the focus of the present study, they were excluded. Other articles that
were excluded were those focusing on building surveillance and household
robotics.

Early in the literature search, The European Strategic Research Roadmap to ICT
enabled Energy-Efficiency in Building and Construction (REEB) was identified as
an interesting and relevant project. The REEB project was carried out within FP7,
the 7th EU Framework Programme for Research and Technical Development and
finished in 2010.1

1 The FP7 programme itself will run for seven years (2007-2013) and has a total budget of 50
billion euro. Fp7 is the EU approach to stimulate the European economy in terms of jobs and
competitiveness in order to maintain leadership in the global knowledge economy. The budget is



REEB focused on the improvement of energy efficiency through innovative ICT
applications, so-called ‘smart buildings’ or ‘smart homes’. It developed a vision,
identified best practice examples and identified and structured the future research
and development targets in terms of all ICT methods, models, applications and
systems to support future energy efficiency in the built environment.

Since REEB had similar aims and finished its work at almost the same time as this
study started, we decided to use the results and main structure of the REEB
project as a basis for this study. From the literature search we found some more
areas of application and technologies of interest in the field of energy efficiency in
buildings. With that as a base, we were able to draw conclusions regarding our
concerns about actors, energy reduction potentials, integrity and synergies and
conflicts between different types of objectives.

mainly being spent on grants to co-fund research, technological development and demonstration
projects.



3. Residential energy use

The sector ‘Residents and Services’? accounted for 39% of Swedish energy use in
the year 2009 according to Swedish Energy Agency (2010). Almost 60% of the
sector’s energy use consists of heating and hot water, the rest is electricity use
divided between operating electricity, household electricity and electricity for
heating (Swedish Energy Agency, 2010).

The Swedish Energy Agency made a study about electricity usage in 400
households in Sweden and measured their consumption per household appliance,
such as heating, lightning, dishwashing, etc. Half of these 400 households lived in
houses and half in apartments. The households were divided into different
categories depending on age and number of persons. Just to give a very brief
summary of Swedish electricity consumption, here we use the example of
Category 1 ‘Family between 26 and 64 years old living in an apartments’ (Fig. 1). A
family was taken to consist of a couple with a child (or children) or a single person
with a child (or children) (Enertech, 2009). There is a lack of information on
residential electricity use divided into different functions for Sweden as a whole at
present.

2 The sector ‘Residents and services’ consists of residents, holiday houses, and premises
excluding industrial premises, areal industries and other services. Other services are the building
sector, road lighting, wastewater and sewage treatment plants, power plants and water
purification plants.
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Figure 1. Structure of the average hourly energy use load curve (Apartment,
Family, All days) (Enertech, 2009).
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Figure 2. Relative contribution from the different energy use loads (Apartment,
Family, All days) (Enertech, 2009).

As can be seen from Figs. 1 and 2, for this category of household peak demand
for electricity occurs between 18:00 and 23:00 hours. Lighting requires the largest
share of electricity, followed by heating and cold storage appliances such as
freezers and refrigerators (Fig. 2). There is also a large share of electricity that is



unaccounted for. Part of that electricity usage originates from equipment on
standby. Standby power is not associated with any service and is probably
avoidable, generally at a relatively low cost (Enertech, 2009).
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4. Energy and CO, emission savings with
ICT

ICT has the potential to facilitate lower energy use and greenhouse gas (GHG)
emissions. According to recent studies (GeSi, 2008), ICT can lead to reductions
on a global basis five times the size of the ICT sector’s own emissions, which is
15% of total global emissions in a ‘business as usual’ scenario for 2020. According
to GeSi (2008), the greatest role that ICT could play is in helping to optimise
motors and automate industry, to make logistics smarter in transport and storage,
to improve energy efficiency in power transmission and distribution and in better
design, management and automation of buildings. If these possibilities to lower
energy use and GHG emissions are to be realised, industries and governments
alike must find ways to utilise the possibilities. In the following chapters, smart
buildings and smart grids and the possible savings of COze related to these are
presented.

It is necessary to bear in mind when reading the following that the Smart 2020
report was commissioned by the Global eSustainability Initiative (GeSI), which
represents the I'T and Telecom industry. If ICT solutions contribute to a decrease
in GHG emissions, this will lead to more demand for these types of solutions and
hopefully profitable business for the firms within this sector. Therefore, we can
assume that it lies within the ICT sector’s interest for the report to present
positive figures about the decrease in GHG emissions.

4.1 Smart Buildings

‘Smart buildings’ is a term employed for a suite of technologies that use ICT
applications to make the design, construction and, in particular, the use of
buildings more efficient and convenient.

11



GtCO,e

Total emissions -
BAUin2020= . 0.06
51.9 GtCO.e

Figures
exXpanded

i
&
Q

® Total emissions from buildings (including Intelligent commissioning ® Heating, ventilation and air conditioning
power) total emissions from power used @ pproved building design for (HVAL)
by industrial systems » energy efficlency ® Lighting automation
@ Total ICT-enabled smart buildings BMS Ventilation on demand
abatement P Valtage eptimisation Reduced building space through design
P Benchmarking and building
recommissioning

Figure 3. Smart buildings: The global impact 2020. (GeSi, 2008: Fig. 12.1).

Global emissions from buildings, including the energy used to run buildings, are
estimated to be 11.7 GtCO,e by 2020 (Fig. 3). It has also been estimated that ICT
has the potential to reduce these emissions by 15%, i.e. by 1.68 GtCOse (GeSi,
2008).

4.2 Smart Grids

A ‘smart grid’ is a solution with both software and hardware tools that can route
electricity more efficiently. The smart grid allows the electricity to go in a two-way
direction, which allows real-time two-way information exchange with customers
for real-time demand side management (GeSi, 2008). In contrast, the energy
distribution networks of today are relatively inefficient. These networks only allow
one-way communication of the energy distribution from the energy provider to
the user of energy. Furthermore, they have over-capacity in order to cope with
unexpected surges in energy use.

12
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Figure 4. Smart grids: The global impact in 2020. (GeSi, 2008: Fig. 13.1).

The power sector is estimated to be responsible for 14.26 GtCOze by 2020
(Fig. 4). Smart grid technology can reduce this by 2.03 GtCOze (GeSi, 2008).
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5. The REEB project findings

The REEB project was carried out between May 2008 and April 2010. Its
overarching goal was to contribute to EU world leadership in ICT-enabled energy
efficiency and also to support the EU goal of saving 20% of its primary energy
consumption compared with projections (COM, 2011). Besides an inventory of
ICT applications, the REEB researchers developed a “Vision for Energy
Efficiency in Construction’, a ‘Best Practice Guide’ to existing projects and an
‘Overview of Ongoing European Research Projects’. The main result of the
REEB project was a strategic research agenda, a detailed implementation plan for
R&D and innovation in ICT-supporting energy-efficient smart facilities both for
new and existing buildings. The different ICT applications and solutions in the
REEB project were divided into the following categories: Tools for energy-
efficient design and production management;intelligent and integrated
control; user awareness and decision support; energy management and trading;
and integration technologies (Fig. 5).

Automation
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Behavioural
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Figure 5. The five different ICT application categories identified by REEB.
(REEB, 2009d).

The REEB project vision and best practice examples that are of interest to this
study are presented in more detail in sections 5.1 to 5.4. The research projects
described by REEB that are of interest to this study are listed in Appendix 1. A
short review of the different categories is given below.

The category “Tools for energy-efficient design and production management mainly focuses
on design and production and is therefore not included in the present study.

ICT applications for ‘Intelligent contro/ manage energy production and usage in
buildings based on information collected both inside and outside the house. Smart

14



meters can record and report energy use information automatically and wireless
sensor networks can measure and detect light, noise, humidity, presence, etc.

ICT applications for ‘User awareness and decision supporf can visualise energy use and
provide real-time pricing. To ensure that the building performs as it was initially
intended, performance indicators are measured by sensors and ICT tools and
transferred to a Building Information Management (BIM) system that interacts
with the user.

ICT applications for ‘Energy management and trading are applications for the smart
grid that make it possible for the building to act as a node in the grid, its
user/manager thus participating in the energy market as a ‘prosumet’, both
providing and using energy.

‘Integration Technologies are used to enable different stakeholders to collaborate and
share knowledge through ubiquitous and multi-platform ICT tools across
geographical boundaries. Integration Technologies are also used to enable
different systems and tools to communicate with each other. Another important
aspect of Integration Technologies is that they make it easy for the user of the
system to install new tools and systems (easy to plug-and-play).

REEB vision

The REEB vision is presented as a three-step development plan. The short-term
step is that buildings meet the energy efficiency requirements of public authorities
and residents. The medium-term step is that the energy performance of buildings
is optimised considering their whole life cycle. The last and long-term step is that
buildings become energy-efficient ‘prosumers’ that both produce and use energy
(REEB, 20092).

REEB Best Practice

REEB made a summary of best practice examples of ICT applications and tools
for energy efficiency in Europe and worldwide (REEB, 2010). It comprises about
80 case studies provided by 50 different contributors. For each best practice
example, REEB (2010) provides the following information:

A user scenario

A short summarising description

A concept description about the technical solution

The service provided to the stakeholder

Environmental, economic and behavioural impacts

The actors involved in the activity

Maturity level of the solution (are standards ready, is it commercial or a
vision?)

Current level of dissemination, is the solution widespread?
Future trends in the short, medium and long term
Corresponding case studies.

For each best practice example included in the present study, there is a short
description including case studies, actors concerned and possible energy savings.

15



REEB map of research projects

The main objective behind the REEB consortium making a compilation of
relevant research projects was to facilitate collaboration between researchers from
different organisations and EU member states in order to improve coherence and
synergy in their research (REEB, 2009¢). The REEB vision was that research and
researchers always should complement each other in order for the European
Union to realise its vision of the ‘Fifth Freedom’.?

The research projects relevant for the present project are listed in Appendix 1
with name, short description, participants, location, project duration and a link to
their website. The most relevant research projects are AIM, ADDRESS, BeAware,
BeyWatch, DEHEMS, Intelligent Use of Buildings’ Energy Information IntUBE
and Smart House/Smart Grid. AIM looks at different approaches to managing the
energy use of appliances at home. BeyWatch and BeAware study how ubiquitous
information can inform consumers so that they can act upon the information and
thus save energy. DEHEMS provides a tool where users can view their home’s
energy usage and also compare it against that of other DEHEMS users. The
future functioning of the smart grid and smart houses is studied in ADDRESS
and Smart House/Smart Grid (REEB, 2009b). In addition to these projects, there
are some other projects that are of interest for this study, e.g. those focusing on
how to monitor lighting, temperature, ventilation, moisture, decision-making tools
for renovation and open software platforms for further application development
(REEB, 2009b).

5.1. Intelligent and Integrated Control

5.1.1 Vision

According to REEB, intelligent systems will be able to supervise the whole
building by combining information from different devices such as electronic
meters or mobile phones, sensors, the internet or ICT systems from energy
service providers. Furthermore, information can be provided to both residents,
building owners/managers and/or energy providets.

Supervision control and information can be provided for energy-using devices
such as HVAC (heating, ventilation, air-conditioning and cooling), lighting, hot
water, laundry and dishwashing, cooking and consumer electronics.

The main concepts of ‘Intelligent control’ are:

e Automation and control

e Monitoring

e Quality of service

o Wireless sensors networks.

3 The EU’s Fifth Freedom s to be created by removing batriers to the cross-border mobility of researchers, students, scientists and
academic staff and by providing researchers with ‘better career structures’, including family-friendly career paths.
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Automation and control — ICT systems are able to manage local energy production
and usage in buildings based on information inside and outside the house.
Intelligent HVAC systems can for example use data from sensors (temperature,
occupancy, light, etc.), weather forecast information and user behaviour to
optimise the processes. Smart lighting gets its information from occupancy
sensors, daylight and ambient light sensors to turn on lighting in rooms when
people are present. Predictive control and maintenance will be possible, which
means for example that the system receives information when a light bulb has to
be replaced.

Monitoring — Smart meters can record and report energy use information
automatically. The information can then be sent on a daily, houtly or real-time
basis to all actors involved, so that they can analyse it, take appropriate measures,
etc.

Quality of service — Diagnostics will be improved since the systems will detect
malfunctions in all connected devices. Communication will be secure both in
terms of transmission reliability and data consistency through the use of
communication protocols.

Wireless ~ sensors network — Sensors will be used to measure or detect: light,
temperature, pressure, noise, humidity, air quality, presence, activity, etc. and
communicate information via a wireless network. Ideally, sensors will need no
external energy supply, instead relying on energy harvesting technologies from
vibrations, temperature gradients, electromagnetic waves or light via photovoltaic
cells.

5.1.2 Best Practice Examples

Building Management Systems (BMS)

A computerised system for managing and operating various pieces of equipment
within a building — usually air conditioning, heating, cooling, ventilation, lightning,
energy production and storage, maintenance management, security, access and fire
systems. The BMS can connect to the different systems (heating, ventilation, air-
conditioning), components (lights, shutters, fans, etc.) and to various sensors
(presence, temperature, humidity, light, etc.).

REEB provides the following Case Study examples:

- Domotic control system for the ‘Advanced studies and research centre’ of
the Basque Country University, Vitoria, Spain

- Facilities linked together with a KNS bus system to achieve maximum
comfort with minimal energy consumption in Marino Lopez XXI
headquarters in Spain.
http:/ /www.knx.org

- The Power Logic product for metering and monitoring energy from
Schneider Electric in France.
http:/ /www.schneider-electric.com

17



Wireless sensor networks for energy performance monitoring

A sensor network is a group of specialised electronic devices that are designed to
take measurements from the surrounding environment and transfer the data into a
central computer. A sensor network is used to monitor and record environmental
conditions at different locations in the building.

REEB provides the following Case Study examples:
- ERI Building, UCC, Lee Road, Cork, Ireland. http://www.eri.ie

- Aldo Leopold Legacy Center in U.S. — awarded Platinum LEED ®
Certification from the U.S. Green Building Council.
http:/ /www.aldoleopold.org/legacycenter

- Juwi Headquarters - the world’s most energy-efficient office building in
Worrstadt, Germany.
http://www.juwi.com

5.1.3 REEB Findings
The actor perspective

REEB concluded that various forms of intuitive interfaces will provide
information to residents and to building owners/managers. Dynamic energy
prices, changing every 15 minutes, will soon become a reality. Residents and
owners should therefore become more aware of the potential savings and this will
probably lead to the installation of control systems that communicate with the
smart meter and the electronic equipment in the house.

Possible energy savings

The possible energy savings are not mentioned specifically in this section of the
REEB report. Therefore Smart 2020 report (GeSi, 2008) is used here as a
reference to what ICT can save in terms of energy and CO,. In the BMS case
study there are estimations that such a system, by controlling 70% of the energy
use in the building, can save energy within a range of 10-40% compared with the
same building without a BMS system.

Personal integrity

Data privacy and security will need to be ensured. According to REEB,
monitoring and control systems as outlined here are acceptable to the end-users
only if they can retain control over what happens (REEB, 2010d).

Synergies and conflicts between different types of objectives

REEB argues that there is no real evidence that the Intelligent and Integrated
control technologies will actually reduce the cost of energy. Therefore, the lack of
economic incentive is one of the main barriers. Another barrier is that different
systems are not compatible with each other, since there is a lack of standards in
this field. See the discussion on Integration Technologies and ‘plug-n-play’ in the
following.
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5.2. User Awareness and Decision Support

5.2.1 Vision

ICT systems can play an important role in making users aware of how much
energy they are using. The main concepts of user awareness and decision support
according to REEB are performance management, visualisation of energy use and
behavioural change by real-time pricing.

Performance management — The performance of the building can be measured by
‘physical’ parameters such as temperature, light level, etc. It is also feasible to
define ‘social’ parameters such as ‘well-being’ as a combination of desirable
temperature, light level, air quality, etc. This could make it possible to optimise
well-being and low energy usage in combination. Parameters or indicators can be
used to assess energy performance, benchmark with similar buildings, predict and
simulate to validate impacts that cannot be directly measured.
To ensure that a building operates and performs as was initially intended, ICT
support tools can be used for guidance, analysis simulation, optimisation, etc.

Visualisation of energy use — Visualisation of energy use means that all actors are able
to analyse energy use in real-time. For this, interactive interfaces are needed.
Future display technologies can move away from display screens such as LCD to
very thin, flexible, paper-like display materials that can be added for example to
walls or furniture. A real-world object could incorporate the interactive interface.
An example of a real world object is a flower lamp that changes shape according
to the level of energy use (REEB, 20092). In order to make this lamp more
beautiful, the energy use must go down.

Bebavionral change by real-time pricing — Real-time pricing systems can be tailored to
residential needs. Smart metering will be a possible way to send pricing signals to
consumers/building owners. The smart devices (e.g. HVAC, electrical appliances)
can communicate with the smart meter and let consumers/building owners decide
how much they want to spend on energy.

5.2.2 Best Practice Examples

Energy Performance Audit Solution

An energy performance audit solution is a sensor-based solution that uses several
sensors and sub-meters installed within the building. It also comprises analysis and
simulation tools to measure the actual use of electricity over a given period of time
and suggest recommendations for improving building energy performance.

REEB provides the following Case Study examples:

- Use of wireless sensor networks (WSN) for energy efficiency certification
of historical buildings

- Use of scanning laser Doppler vibrometry for rapid diagnostic of facades,
instead of long and costly manual inspection.
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Smart metering for energy use awareness
Consumption awareness is a service provided that aims to provide energy use data
to the end-user in order to decrease energy use.

REEB provides the following Case Study examples:

- Smart meter deployment in France by ERDF
http://www.landisgyr.com/en/pub/products_and_services/case_studies/erdf.cfm

- Google power meter
http:/ /www.google.com/powermeter/about/about.html

- Smart meter field test in Germany by RWE
http:/ /www.edubourse.com/finance/actualites.phpractu=37329
http://www.rwe.com/web/cms/en/113648/rwe/press-news/ press-
release/?pmid=4004397

5.2.3 REEB Findings
The actor perspective

REEB argues that through performance management, visualisation of energy
usage and real-time pricing, all actors (users and owners of buildings, asset
managers, energy providers, energy managers) are able to visualise and analyse
energy use in real time, take appropriate measures and/or propose adapted
services. In addition, there is the opportunity for energy providers to offer real-
time, dynamic pricing systems that can be tailored to industry and residential
needs. The consumers or building owners can then influence energy use according
to how much energy/money is being spent.

Possible energy savings

REEB says that intuitive feedback to users on real-time energy use has the
capacity to reduce energy use by 5-15% compared with the business-as-usual
scenario.

Personal integrity

Direct personal integrity questions are not mentioned by REEB when it comes to
user awareness and decision support systems.

Synergies and conflicts between different types of objectives

According to REEB, there is a lack of financial mechanisms and business models
to support investments in energy efficiency. Furthermore, evidence that the ICT
solutions provide the estimated savings is also lacking. That, together with the
initial investment cost, is a barrier to quick implementation. There is also a risk of
conflict between energy efficiency and comfort in the building.
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5.3. Energy Management and Trading

5.3.1 Vision

The building will act as a key node in the electric grid and its owner/manager will
become a participant on the energy market, becoming a ‘prosumer’ that both
produces energy and uses energy. In order to achieve this vision, the following
steps are needed: An Energy Management System (EMS) that handles information
about the usage of energy from buildings and the production of energy from
Distributed Energy Resources (DER) needs to be installed. The EMS
communicates with all devices and equipment installed and can be remotely
monitored by the energy provider. The information generated about the usage and
production of energy can be used for district energy management and
optimisation and/or exchange/trading between buildings. The EMS system will
be able to forecast its load and DER generation.

Information on building properties, building usage, component installation,
assembly and operating rules, maintenance activities, history, etc. and information
from different devices need to be described in a standardised way to allow inter-
operability. It must also be stored in sharable data repositories. BIM (Building
Information Model) will play a major role in storing such unified information
during the whole building life cycle.

In addition to a basic metering system, an Advanced Meter Infrastructure (AMI)
system that provides two-way communication is needed between the measuring
devices in the building and the business systems used by the energy suppliers,
building owner and residents. The energy provider will send price and reliability
signals to the buildings that it serves via the AMI system. The building owner’s
Building Automation System (BAS) will then optimise its loads and energy
resources generation based on the pricing and reliability signals it receives (load
requirements and constraints, DER requirements, etc.) One example of a service
that an AMI can provide is in the area of customer awareness of electricity pricing,
where the AMI helps facilitate load reductions at the customer’s site by
communicating instantaneous kWh pricing and voluntary load reduction
programmes.

5.3.2 Best Practice Examples
Smart grids

The smart grid can transform the energy supply chain and take advantage of the
available technology for the next generation of electricity grid. Next generation
smart grids consist of a model for energy generation from distributed, local
sources (e.g. micro-generation, solar photovoltaic, etc.). The smart grid enables
energy trading between buildings and also between buildings and the grid. To
achieve real smart grid functions such as demand response, real-time self-
assessments and load balancing, new techniques need to be developed.

Dynamic Demand is an emerging technology that follows the energy need from
second-to-second changes and switches on or off at optimal moments to balance
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the overall system and reduce critical power mismatches. As this switching will
only advance or delay the appliance operating cycle by a few seconds, it will be
unnoticeable to the end-user. Demand response capabilities make it possible to
trigger temporary interruptions of non-critical consumption (air conditioners, pool
pumps, etc.). Real-time self-assessments take care of subnormal grid conditions if
they become damaged and self-heal. Load balancing techniques allow for two-way
power flow capabilities to allow distributed generation and energy storage to be
incorporated into the transmission and distribution network. The energy
management system will ‘track the balance’ of supply and demand.

REEB provides the following Case Study examples:

- IBM intelligent utility network — Grid-wise project
http://www.ibm.com/howitworks

- TERMIS - District energy network simulation platform
http://www.7t.dk/termis/default.asp

- PLC intelligence behind smart grids
http://www.smartgtidnews.com/artman/publish/News_News/Smart-
Grid-Communications-Rebirth-of-P1.C-1291.html

5.3.3 REEB Findings
The actor perspective

The Energy Management System will have the capability to be remotely
monitored and controlled by the energy provider. The customer equipment will
receive requests for actuating (switch on/off, delays, standby, etc.) based on the
needs formulated by the system. The building owners and residents can make
choices about their electricity use based on their individual preferences with
respect to cost, reliability, convenience and environmental impact.

Possible energy savings

The smart grid allows for an increasing number of available (local and renewable)
energy resources to be connected to the grid, which means that the CO, emissions
should decrease even if the energy use does not. According to REEB, Dynamic
Demand Technology could reduce the UK’s CO, emissions by 2 million tonnes a
year.

By providing real-time pricing, there will be reductions in residential peak demand
energy use. REEB furthermore estimates that up to 30% reduction in distribution
losses from optimal power factor performance and system balancing will be
achieved. There are also potential reductions in the number of customer minutes
lost, as a result of improved abilities to predict and/or prevent potential power
outages. Another result that REEB predicts is expected postponement of
investments of distribution and transmission network capacity due to the
improved load balance and reductions in peak load. There are also potential cost
savings for the energy provider from remote and automated disconnects and
reconnects, since there will be less need for field trips.
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Personal integrity

REEB argues that advanced energy management and trading are based on the
assumption that usage and performance data are compiled, stored and analysed in
a fine granularity and also shared with the energy provider. This is a potential
threat to individuals because third parties can misuse data on their energy usage.
Therefore the security requirements must be even higher on the smart grid than,
for example, on sensor networks such as the EMS system mentioned in the
previous section.

Synergies and conflicts between different types of objectives

The investment cost of the smart grid is high and it is not clear who will make the
investments. Public-Private Partnership may make it possible to share the
investment costs. Another option is that the “Total Energy Service Provider’ takes
care of the investment and then shares the savings generated from the optimised
Energy Management and related Value Added Services with the owner and/or
user of the building. Another more technical necessity that REEB indicates is that
development of standards and easy plug-and-play use are vital to get this
technology in place.

5.4. Integration Technologies

5.4.1 Vision

Integration Technologies are used to enable different actors to collaborate and
share knowledge, to enable different systems and tools to communicate with each
other and to make it easy for the user of the system to install new tools and
systems. The main concepts of ‘Integration Technologies’ are:

e Process integration

e System integration

e Inter-operability and standards
e Knowledge sharing

Process Integration - Process Integration as discussed in this section means the
business relations between different actors and how that process can be made
more effective, with less resource and energy usage as a result. Through it,
residents and building owners collaborate and share information about the
building and its operating conditions to achieve high energy efficiency. The actors
use ICT tools for the support of group work (see Appendix 2) to collaborate in an
efficient way. Current technologies are based on the assumption that all
collaborating parties use the same platform. However, today’s technologies only
work within a company. The vision is that different actors will be able to
collaborate across ubiquitous and multi-platform ICT tools as if there were no
boundaries — geographical or organisational. Another way of collaborating is to
use virtual meeting techniques where building owners, residents and energy
providers can interact with each other in real-time using virtual environments.
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Virtual meetings offer features that are not offered in traditional conferencing
modes, such as multiple collaboration tools, audio, chat screen, whiteboards, etc.

System Integration - System Integration is a way of describing the communication
between hardware and software in different systems and how the different parts
fit together and communicate. The vision is that each new component in a
building should be recognised automatically, which means that each new
component can be easily connected and unnecessary components removed from
the network (plug-and-play). Another, similar concept for easy system integration
is Service Orientated Architecture (SOA), which makes it easier to integrate or
remove different services from time to time. A common platform for the ‘building
operation system’ rather than separate hardware as a host for the different
software systems is preferable. Open information platforms and gateways can be
used to support external value-added software services to run on the platform and
use information from the different subsystems.

Interoperability & Standards - In the building and construction sector there are
many actors involved, each with many different ICT tools and systems for a
variety of applications that need to share information. There is still a mismatch
between the users’ need for inter-operability and the ICT providers’ incentives to
support it (REEB, 2009a). If all information that is managed during a building’s
usage phase were to be supported by an open BIM (Building Information Model)
standard, stored in a single place and always updated and accessible to all actors, it
would be easier to get proper data and to identify where energy savings could be
made.

Knowledge sharing — Knowledge about energy-efficient solutions and practices is
important for lower energy usage in buildings. If knowledge could be shared
between actors in an easy way, it might open the way for more energy savings.
Tools for access to knowledge such as e&m learning (electronically and mobile
phone-supported learning and teaching), RSS feeds that push relevant information
to users of buildings and community forums where sharing of experiences from
different energy efficiency solutions and practices can become a breeding
environment for new ideas. Other tools that are relevant in this field are
knowledge management tools that are used to identify, collect, organise, share,
adapt, use and create energy-efficient solutions and practices. Examples of such
tools are: Model-based knowledge management, ambient access technologies,
knowledge platforms and standards.

5.4.2 Best Practice Examples
Websites for collecting and disseminating energy efficiency ‘Good Practice’

These are websites and platforms designed to collect, aggregate and disseminate
information about energy saving methods, relevant techniques, ‘good practice’ or
examples of energy-efficient buildings, so that interested owners, designers,
architects, or decision makers can have access to valuable information. They
support the exchange of information, field experience and good practices in
energy savings.
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REEB provides the following Case Study examples:

- BBC Observatory (of low energy consuming buildings)
http:/ /www.observatoitebbc.org/site/ ObservatoireBBC/

- BUILD UP website for promoting energy efficiency in buildings
http:/ /www.buildup.cu/

Standards-based energy data exchange solutions

As a consequence of the need for exchanging large amounts of data between
production, distribution, storage and usage systems inside buildings,
communication standards have been created or adapted, including specific
capabilities for energy data sharing and management. The use of such standards,
providing greater inter-operability among building energy equipment and the
integration of the building into the energy grid, allows more energy-efficient
building automation systems to be created.

REEB provides the following Case Study examples:

- PPP-Modell fur Neues Regionshaus Hannover, Germany
http://www.enob.info/en/new-buildings/project/details/ ppp-model-for-
new-regionshaus-building-in-hanover/

- UK 3.0 - UK Integrated Systemic Action, Cambridge, UK

- ZigBee Smart Energy wireless communication standard

5.4.3 REEB findings
The actor perspective

REEB argues that supporting process and system integration and knowledge
sharing are important to reduce energy use, but does not say anything about who
is responsible for implementing the actual system in the building.

Possible energy savings

According to REEB, process integration or collaboration tools such as
Tele/web/video-conferencing/3D virtual meetings have potential for reducing
travel, which in turn significantly affects energy use for personal transport. Using
standardised, common platforms and service-orientated architecture makes it
possible to reduce the amount of equipment used in the building’s energy
management systems. REEB points out that ICT is not only data, but also large
amounts of hardware equipment that needs to work. In the future, ICT systems
will account for around 25% of the energy demand of buildings. Enhanced
awareness in energy-saving measures and techniques, sharing of experience and
knowledge, development of local markets in energy-efficient technologies, more
focused actions for training, and aid to economic development and innovation will
help to reduce this type of energy use.
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Personal integrity

Integration technologies will make it possible to share data about electricity user
patterns between different groups of people and companies. It is therefore
important to have a plan for the security of the data to be handled.

Synergies and conflicts between different types of objectives

It can be assumed that legislation will be sharpened for all aspects relating to
climate change. In parallel, increasing energy cost is changing residents’ perception
of energy efficiency. These assumptions can result in an increasing demand for
integration technology.
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6. Participatory sensing

There are more than 5 billion mobile phone subscriptions in the world today.
Since these mobile phones are capable of sending data (such as images, sounds,
location and other information) interactively or autonomously, they could be used
as a wireless sensor network if the right architecture is provided (Burke et al.,
2000).

There is already some knowledge about embedded sensor systems, but when it
comes to participatory sensing systems, knowledge is more limited. A participatory
network can enable public and professional users to gather, analyse and share local
knowledge. The technologies in the mobile phone platform that can be used are
microphones and imagers that can record environmental data, location and time
synchronisation of data and also interaction with data from local or remote servers
Of Processofs.

The actor perspective

Typically, the actors that need to come together to start a participatory sensor
network are the following: Initiator, who will start the campaign and specify the
data collection; gatherers, i.e. the mobile users who collect the data; evaluators,
who verify and classify the collected data; and analysts, who process, interpret and
draw conclusions. In the building environment, the initiator could be the building
owner/manager, who wants to collect data about a specific issue. The gatherers
could then be the residents, who collect the data according to the requirement
from the building owner. A consulting firm or energy provider can carry out the
evaluation and analysis of the collected data.

Possible energy savings

A participatory sensing network can for example gather data about the actual
energy consumption from different consumer appliances. Another example is to
use the participatory network for finding energy losses from buildings and to send
in pictures of the actual place that needs to be adjusted. A properly used
participatory network can save lots of energy. However, the actual reduction is
difficult to predict since it is dependent on the purpose for the network and the
data the network is collecting.

Personal integrity

Instead of being in the hands of a central observer, the sensor network is always
under its owner’s willingness to share data. In order to establish a participatory
sensing network, people need to be involved and encouraged to participate. Once
the participatory network is up and running, it is very important that data are
stored in a secure way and are only available for users according to the agreement
with the gatherers.

Synergies and conflicts between different types of objectives

The barriers for starting a participatory network are probably low since the
technology needed is already in place and the investment cost is therefore also
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low. The difficulties are more on the user side, in motivating residents to actively
participate.
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7. Social media technologies

Social media is a new phenomenon that has emerged during the last couple of
years. The main function of social networks is to find and manage contacts with
whom an individual wants to communicate. Once the connection is established,
there are further opportunities to build groups or communities for special interest
areas. In 2010, social media technologies took a new step and became an
important marketing tool. Examples include Facebook, Twitter, LinkedIn, etc.
Groups can be formed around different topics, such as a local football club,
family network, neighbours, etc. and with purposes such as to facilitate the
booking of fixtures or gathering of pictures, maintaining e-mail conversation or
chat-groups, etc. The social media community can also be used for more specific
knowledge sharing and learning. Social media focusing on energy efficiency could
be used both for professionals and residents. In the energy sector there are a
couple of existing social media platforms that can be connected to the energy
providers’ services. One example is the service Personal Energy Efficiency
Rewards (Efficiency 2.0, 2011). It provides the following functions as a white-label
service for energy providers, which are used for the sharing of knowledge and
encouragement of energy efficiency:

e DPersonalised Recommendations and Insights — hundreds of actions and
purchases based on their payback period and popularity are presented

e Social Context and Competition — displays the customer’s energy savings and
compares them with those of their neighbours, empowering them to compete
against others for prizes

e Goal Setting and Personalised Tracking — sends e-mails tracking customers’
progress in lowering their energy bills and where they are using the most
energy

e Financial Rewards for Saving Energy — issues reward points to customers
based on how much they save, which they can redeem for great discounts at
national and local stores.

There are also a couple of firms that have established social media groups to
support professionals with knowledge sharing and other tools. One such example
is Green Building pro (Green Building, 2010). It provides articles, blogs,

community forum, a media centre, news and events.

The US Department of Energy, the unit for energy efficiency and renewable
energy, is using a number of tools for communicating with professionals and the
public: RSS, blogs, Facebook, YouTube, widgets and social bookmarking (US
Dept of Energy, 2010). Residents can get newsfeeds, read blogs about success
stories on how energy was saved and obtain information about energy efficiency
and renewable technologies at home, on the road and in the workplace.

The actor perspective

Social media platforms such as Facebook, Twitter and LinkedIn are tools where
many people already are connected and it is therefore very easy to start an online
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community between for example residents in a house, the main restriction being
whether they are willing to use it. There are also other forms of social media
platforms, for example energy providers or a building owner’s own web-portal or
system.

Possible energy savings

The amount of energy that can be saved thanks to social media is very difficult to
predict, but they provide opportunities for spreading ideas on energy-efficient
ways of using and managing buildings.

Personal integrity

Social media platforms store all information about their members, which can be a
threat to personal integrity. Sharing information about private energy use with
anyone in a social network would probably require a restricted part of the social
media network to be set up.

Synergies and conflicts between different types of objectives

The ICT technology is already in the users” hands, now it is up to building owners
and energy providers to set up inspirational networks and encourage people to
participate.
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8. Persuasive technologies

Persuasive technologies are technologies that are used to influence the attitudes or
behaviour of users through persuasion or social influence, but without coercion
(Stanford, 2010).

Captology (Computers As Persuasive Technologies) is the exploration of
computing technology as persuasive, its theory and design intended to change
people’s attitudes and behaviour (Stanford, 2010) (Fig. 6).

PDAs Motivation
Web sites
Video games @) Attitude change
Mobile phones %
Desktop software 8‘ Change in worldview
Smart environments o
(@] Behavior change
Exercise equipment =
Virtual reality ErTes
Kiosks
Computers Persuasion

Figure 6. Captology describes the area where computing technology and
persuasion overlap (Fogg, 1999).

Fogg (1999) distinguishes three levels of interaction between computer and user,
seing the computer as tool, medium and social actor. As a tool, the computer can
provide humans with new abilities, for example allow them to do things more
easily. As a medium, the computer can convey symbolic content such as text and
icons. As a social actor, the computer can invoke social responses from users. This
triad shows how computers can be used in different ways to influence people’s

attitudes and behaviours (Fogg, 1999).

Fogg and Hreha (2010) presented a method called the Behaviour Wizard for
matching target behaviours with solutions for achieving those behaviours. This
method first classifies behaviour change targets into one of 15 types (Fig. 7). For
each target behaviour there is a trigger for the behaviour change.
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Green Blue Purple Gray Black
behaviour | behaviour | behaviour | behaviour | behaviour
Do new behaviour, | Do familiar Increase behaviour Decrease Stop doing a
one that is behaviour intensity or duration | behaviour behaviour
unfamiliar intensity or
duration
Dot GreenDot | BlueDot | PurpleDot | GrayDot BlackDot
behaviour Do new behaviour | Do familiar Increase behaviour Decrease Stop behaviour
once behaviour once once behaviour once once
Is done once
Install solar panels on | Tell a friend about Plant more trees and Buy fewer bottles of Turn off space heater
house eco-friendly soap local plants today water now Jfor tonight
Span GreenSpan | BlueSpan | PurpleSpan | GraySpan | BlackSpan
behaviour Do new behaviour | Do familiar Increase behaviour Decrease Stop a behaviour
. for a period of behaviour for a for a period of time behaviour for a for a period of
Has SPCClﬁC time petiod of time petiod of time time
duration, such as Take public transport
40 days Carpool to work_for Cycle to work for for one month Take shorter showers | Don’t water lawn
three weeks hwo months this week during summer
Path GreenPath | BluePath | PurplePath | GrayPath | BlackPath
behaviour Do new behaviour | Do familiar Increase behaviour Decrease Stop a behaviour
from now on behaviour from from now on behaviour from from now on
Is done from now now on
now on, a Start growing own Purchase more local Never litter again
permanent vegetables Turn off lights on products Eat less meat from
change leaving room now on

Figure 7. Behaviour Wizard specifying 15 types of behaviour change (Fogg and
Hreha, 2010).

This Behaviour Wizard can help set the focus on a concrete set of behaviour
changes that can be useful when designing persuasive applications. There have
been attempts by researchers at Stanford University to map different persuasive
technology with different types of behaviour change (Fogg and Hreah, 2010)

Mass interpersonal persuasion is a phenomenon that brings together the power of
interpersonal persuasion with the reach of mass media. This new way of changing
attitudes and behaviour is probably the most significant advance in persuasion
since radio was invented according to Fogg (2008). Mass interpersonal persuasion
consists of six components:

Persuasive Experience: An experience that is created to change attitudes,
behaviours or both

Automated Structure: Digital technology structures the persuasive experience

Social Distribution: The persuasive experience is shared from one friend to
another

Rapid Cycle: The persuasive experience can be distributed quickly from one
person to another

Huge Social Graph: The persuasive experience can potentially reach millions of
people connected thorough social ties or structured interactions
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e Measured Impact: The effect of the persuasive experience is observable by
users and creators.

According to Fogg (2008), mass interpersonal persuasion matters because this
new phenomenon gives ordinary individuals the ability to reach and influence
millions of people. This ability is new.

The actor perspective

Persuasive technology can be used by anyone who wants to persuade other people
to change their attitudes or behaviour. Since persuasive technology can be
implemented in any type of software application, there are unlimited ways of using
the technique. The social media platforms such as Facebook, Twitter and
LinkedIn are tools that can be used to reach millions of people but also target
smaller groups.

Possible energy savings

Its advocates argue that persuasive technologies have very good potential for
changing behaviour and attitudes and therefore a large possibility to change
people’s use of energy in their home if implemented in the right way. There are no
estimations on the possible energy savings with these kinds of applications
available yet.

Personal integrity

Persuasive technologies have been used in marketing via other media for a long
time, but, computerised persuasion is a new concept and has potential that goes
beyond other media. This highlights issues such as integrity and privacy. Being
persuaded without one’s knowledge is not a preferable situation from the
residents’ perspective. The residents’ perception of persuasive interaction will
depend on who is the persuader, for example whether it is the housing manager or
some other outsider, or whether they have chosen the persuasive application
themselves.

Synergies and conflicts between different types of objectives

Using persuasive technologies to save energy can potentially be a conflict between
the resident’s need for comfort and wellbeing and the owner's wish to lower cost
through reducing energy use. An example of this would be the indoor temperature
being lowered with persuasive technologies and the resident feeling too cold to be
comfortable at home without the possibility to change the situation.
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9. Cloud computing

Setting up energy-efficient ICT applications such as smart grids and building
management systems for the purpose of lowering energy usage will require
servers, computing resources and software applications, all using energy to
function. Cloud computing could help keep this energy use low. Cloud computing
is an emerging model for enabling convenient, on-demand network access to a
shared pool of configurable computing resources. (e.g. networks, servers, storage,
applications, and services) that can be rapidly provisioned and released with
minimal management effort or service provider interaction. This cloud model
promotes availability and is composed of resource pooling where the providers
computing resources are dynamically assigned according to consumer demand and
also by rapid elasticity to quickly scale out and scale in. To the user of the cloud,
the capabilities often appear unlimited and can be purchased in any quantity at any
time (Mell and Grance, 2009)

Another important aspect of cloud computing is the new business model, based
on a subscription idea where no hardware needs to be acquired. The business
models that are used are ‘Software as a service’, where it is possible to subscribe to
software services, ‘Platform as a service’ where the amount of platform space is
hired dynamically and according to the customer’s needs, and ‘Infrastructure as a
service’” where the whole network infrastructure is rented from the service
provider (Gabrielsson and Hubertsson, 2010).

The actor perspective

The largest benefits with cloud computing are for small and medium-sized private
companies such as building owners who can afford to have advanced systems for
building energy efficiency, since they will only have to pay for the subscription of
the applications and data storage instead of implementing the system in their own
environment. In this way, many companies can share the same ICT applications,
which should lead to cost and energy efficiency.

Possible energy savings

Cloud computing does not directly save any energy in the building, but serves as
an enabler for lowering the cost of advanced building automation systems, which
makes it possible for building owners to access these systems.
The clouds are said to be the most energy-efficient way to store data and
applications, since the networks will be optimised and the service provider will
monitor the network’s performance. Today a typical server spends 80% of its time
waiting for jobs to process (Gabrielsson and Skog, 2009).

Personal integrity

Integrity has to be taken care of in the cloud system so that the data are stored in a
secure way.
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Synergies and conflicts between different types of objectives

The new business models of cloud computing could speed up implementation of
ICT systems for building energy efficiency.
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10. Energy management without smart
meters

It is possible to monitor and control residential energy use without the use of
smart meters. A network architecture using existing nodes found in the home
network infrastructure, such as an internet modem or home gateways could be an
alternative. The benefits from this would be a cheaper and more flexible system,
since the smart metering devices are expensive and are proprietary in two ways:
The energy provider owns them and they are not built on open standard platforms
(Tompros et al., 2009).

The energy monitoring and control functions are realised over the Internet
Protocol (IP) and can therefore be exploited in user applications running on any
sort of user terminal (mobile phone, PC, PDA, etc.)

Energy management services

Energy Energy
monitanng control

Service personalization

O5Gi

hl atwark
operators

Domestic Home EMD Home Residential E’;'gt;‘\\.
appliances netwark network gateway gEullﬁrtE:Els///l

Residential users

N

Figure 8. Energy management architecture (Tompros et al., 2009)

The residential gateway (router) serves user communication within and outside the
home network and is typically a low-cost home communication device that is
found widely in households, such as DSL modems, home routers and wireless
hotspots. The energy management service can then use the standard framework
from the network operator.

The domestic appliances that are capable of performing real-time management of
their energy usage, such as white goods and audiovisual communication
equipment, can be monitored on any device. The Energy Monitoring Device
(EMD) (Fig. 8) is located between the gateway and the domestic appliances and
gathers the information and communicates it to the residential gateway, so that it
goes out onto the internet and can be sent to a mobile device or Personal Digital
Assistant (PDA) anywhere in the world. Through this technique it is possible to
switch on or off the actual residential appliance such as TV, dishwasher, etc. and
also get alerts about abnormal energy usage.
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Home gateways seem to have potential for providing an alternative and cost-
effective network architecture that can be compared with the smart meter network
architecture. In the long run to achieve the smart grid, payment mechanisms need
to be included and the actual usage of energy as measured by the electricity
provider’s meters also needs to be included in the solution. Therefore this kind of
solution has its role to support the resident’s own need to understand how much
energy is consumed by different domestic appliances.

The actor perspective

The solution enables residents to build up energy management services for the
energy consumed within the household. In this solution the resident is responsible
for taking action and purchasing relevant appliances and devices. Who then,
provides the service? Is it outside the control of energy providers and building
owners? Is it bought or leased/rented?

Possible energy savings

Since there is no need for specific equipment for smart metering and the solution
can utilise the residential gateway or internet modem hardware equipment that
most residents have already acquired, there is a lot to gain in terms of hardware
usage. Once the solution is up and running, it has the same energy potential
savings as smart meter solutions.

Personal integrity

The residents need to play a more active role when installing a system based on
the home gateway and therefore have better control over the data shared with
other users.

Synergies and conflicts between different types of objectives

In Sweden, for example, most energy providers have already installed smart
meters on their customers’ premises. Therefore this technology might be too late
for this particular market. However, at the moment very few domestic appliances
are able to measure their own energy consumption. Furthermore, very few homes
are equipped with sensors and control systems and it is not known yet whether
the information will be sent in the energy network, the telecom operatot’s
network or someone else’s network.
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11. Wireless Sensor Technology

Wireless sensor networks are becoming an increasingly attractive alternative to
wire line solutions in the home and building automation. The wireless technology
offers several advantages to the wire line. Installation cost is reduced, since no
cabling is necessary. The wireless sensors are also easier to place where cables
would look unattractive. It is easier to connect wireless devices such as PDAs,
iPads and mobile phones to the wireless sensors and the exact physical location of
a device is no longer crucial for a connection (Reinisch et al., 2007).

There are market requirements on this technology that it should be delivered at a
very low cost in order to make the investment cost lower than the actual savings
on energy reduction. Another obstacle with wireless sensors is that they are
dependent on batteries for their charging. The ultimate goal is that they can charge
themselves by harvesting energy from the environment. Energy harvesting devices
can harvest different kinds of energy, including radio frequency, solar, thermal and
vibration. There are now a number of solutions that can be used, but the
commercial phase for this technology is very young.

The different wireless protocols and standards available are Z-Wave, EnOcean,
NanoNET, KNX RF and IEEE 802.15.5/ZigBee (Reinisch et al., 2007). Z-Wave
is a proprietary protocol with explicit focus on home control applications.
EnOcean is a commercially available technology with energy harvesting sensors.
The sensors harvest the energy from solar-powered modules and also a version
driven by piezoelectric elements.

The actor perspective

Sensors can be stand-alone equipment used to monitor the use of heating and hot
water, which is normally a long-lasting, building-related system that needs to be
installed and owned by the energy provider or the owner of the building.
However, sensors can also be integrated and mounted inside electric devices in
household equipment, such as a fridge or TV. The producers of such equipment
would have to integrate the wireless sensors into the appliance. Since this requires
the purchase of new household appliances, it will take a while until it is possible to
monitor energy usage of all household appliances. Another alternative is therefore
that the residents install a wireless sensor outside each machine to measure the
energy used.

Possible energy savings

During the last couple of years, many household appliances have been developed
to be much more effective when it comes to energy use. Refrigerators, washing
machines and dishwashers require much less energy than before. What the sensors
can do is move the usage of these household appliances to hours when the
demand for electric energy is lower, which can reduce peak loads and ultimately
reduce investments in new energy production units.
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Personal integrity

Since it deals with the usage pattern of different household appliances, the
information from sensors must be handled with care. Another aspect of personal
integrity is whether the energy provider constrains its customers’ use of appliances
to times that are inconvenient for the user. How will users react to restrictions like
this> How can the energy provider motivate the users of the household
appliances?

Synergies and conflicts between different types of objectives

The long-term goal of society for energy efficiency and fossil-free energy and the
need for energy for different societal purposes versus the individual’s convenience
and flexibility are what the sensors and building energy efficiency systems have to
deal with.
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12. Discussion

There are many ICT solutions to choose from to facilitate more sustainable ways
of managing and using buildings, both in the form of inventions and good ideas,
and as marketable products and services. Many solutions are commercially
available but have not yet found widespread use. The driving forces for buying
and installing these systems need to be identified and better understood, as well as
the energy saving potential each technique can give.

In the following section there is a discussion of different actors’ roles and how
they can influence energy reductions by using different forms of ICT systems.
Obtaining knowledge about reductions in energy from a specific technology or
service requires detailed calculations. In the following, estimates found in the
literature search are discussed. Personal integrity and the level of automation,
persuasion and information that is acceptable to the user without infringement is
discussed and related to tenure form. Finally, synergies or conflicts that might
occur between different objectives are addressed.

The actor perspective

During the usage phase of a building, there are three main actors involved that can
introduce ICT solutions for energy efficiency: the residents, the building owner
and the energy supply company.

The residents use energy in order to make everyday life practical, convenient and
comfortable. Normally, it is assumed that residents’ energy use is based on the
convenience and comfort they request, how much time they can save by using
electric appliances such as dishwashers, washing machines, etc. and how much
money they can afford to spend. Other aspects such as laziness, unreflected
habits, lack of knowledge, etc. will also influence the usage.

The main driving force for the owner of a rental building is to attract and retain
tenants. To do so the owner needs to offer attractive apartments with modern
standards and at the same time low operating costs of the building. Tenants will
choose apartments from different aspects such as location, size, rent, energy costs,
etc. If the energy price goes up, this factor will affect the choice more than it does
today.

The energy provider wants to sell as much energy as possible to the highest
possible revenue per kWh. However, it is also responsible for delivering a secure
and reliable source of energy to the consumers of energy 24 hours a day, 7 days a
week. Energy providers seek new business opportunities and by reducing the need
for household energy they can sell the excess energy to sectors other than the
building sector.

This study showed that ICT systems and applications have potential to decrease
energy usage by gathering information about energy use and also by monitoring
energy use in buildings, as well as the supply of energy. But how can the actors
mentioned above influence their energy use by using ICT technology, software
and services?
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The providers of electricity installed smart meters in all buildings in Sweden
during 2009. These smart meters generate information about how much electricity
is used, which is the basis for calculating the cost of the electricity used. The smart
meters that are installed today are mainly used for the billing system.

The majority of multi-family houses in Sweden are heated by district heating. The
bill for the district heating goes to the owner of the building (rental buildings and
housing cooperatives), who can influence energy usage and also has the greatest
economic incentive to decrease energy usage. The bill for electricity use goes
directly to the residents, since there are meters in each apartment and it is the
residents that will have the economic incentive to decrease their use of electricity.

The energy provider could present solutions to decrease the energy usage and
lower the cost, as well as knowledge sharing systems for the building owner and
for the residents. Social media platforms and internet knowledge platforms could
play a role for knowledge build-up. A good example of that is provided by
Efficiency 2.0 (2011), see Chapter 7. Dynamic energy prices are another way of
making the building owner and residents aware of the energy usage and making it
possible for the energy provider to steer the energy usage to times when the load
is lower or decrease the energy usage. The residents and building owner can then
influence energy use according to how much money they want to spend.

The next step could be to introduce wireless sensors and control and monitoring
systems. A solution that measures energy usage from consumer appliances on a
more detailed level could make the energy use from each appliance visible to the
residents. The building owner or the resident needs to decide whether or not to
install such a system. The wireless sensor system can be connected to the
electricity grid, but this is not necessary. There are mainly two ways of connecting
information from the wireless sensor system to the resident, either by connecting
to the smart meter installed by the electricity provider or by connecting to an
energy-monitoring device (EMD) that is connected to a display where the user of
the building can follow the energy usage (see Chapter 10). If the wireless sensor
system is connected to the electricity grid, the electricity provider will get the data
and will be able to inform the resident about the energy usage of different
appliances. If the system is connected to an EMD, the information goes directly
to the resident. This system does not need to be connected with the billing system
of the electricity provider. If it is a requirement that the information can be sent to
anyone outside the building, the residential gateway that most households have for
their broadband connection can be connected to the EMD and then send
information via the telecom network. A typical resident does not have a very high
level of ICT technology skills, which means that ‘easy to use’ and ‘plug-and-play’
are concepts that must be developed to justify the investment and/or usage of
different energy saving technology. Therefore the development of standards and
policies is needed and should be driven both by building owners and firms that
develop the technology and solutions.

Other types of system that can be used by the residents are community tools and
social media platforms such as Facebook, where residents can build their own
groups to encourage each other to find new ways of reducing energy.
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In addition to the three actors mentioned above, there are other actors who are
important for energy reduction and management to happen. They include
communication network operators such as Telia, Telenor, etc. that provide the
communication network, the service provider companies that host ICT
applications such as Efficiency 2.0, and the ICT application companies that build
energy management applications for end-users such as IBM, Google, etc.
Another group of actors is insurance and risk management companies. They reach
virtually every building owner and business in the developed countries and the
insurance sector alone is larger than the energy sector. The coming energy policy
objectives and market transformation create a business opportunity for them. The
insurance companies are major players in the property market as commercial
building owners and landlords. The way of getting them to become active is to
show how energy-efficient technologies can prevent insurance losses and how this
can improve the competitive advantage for them (Mills, 2003). Policy-makers at
both the local and national level are also crucial for the success of many of the
solutions mentioned.

Energy savings potential

The energy savings potential of different ICT solutions for buildings are not yet
known on a detailed level, and the figures presented here are only estimates and
assumptions. Thus, there is a need for more detailed research and development,
focusing on different building types and forms of tenure. The Smart 2020 report
(GeSI, 2008) is one of the most well-known studies done recently. Intuitive
feedback to users on real-time energy use could reduce energy use by 5-15%,
according to REEB estimates. Knowledge sharing systems can help users and
owners of the buildings compare household level energy use with other users and
building owners. This can lead to knowledge build-up, which in a next step could
lead to reduced energy usage. Regular tele/web/video-conferencing/3D virtual
meetings between different actors during the building’s life cycle provide real
potential for reducing energy, according to REEB. Cloud computing could reduce
energy use through more efficient use of hardware and storage of data. It also
enables users to subscribe to ICT applications instead of individually buying and
installing them, since they reside in the cloud. Social media technologies are
typically the kind of application that makes exchange of information easy between
different users. The extent to which energy use could become an issue in such
media remains to be seen. It is difficult to estimate the amount of energy saved
thanks to these technologies, especially since they are only indirectly connected to
the energy supply. Another way to save CO2 but not energy is to let the increasing
number of available (renewable) energy resources be connected to the smart grid.
Even if the share of fossil fuel is low in the electricity grid in Sweden, the energy
from small private renewable sources can lead to reductions in emissions in other
sectors, such as transportation, or in other countries that have a higher share of
fossil fuel for their electricity grid.

Personal integrity

Privacy has become one of the most important human rights issues of the modern
information age (Banisar, 2000). Privacy of communications covers the security
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and privacy of mail, telephones, e-mail and other forms of communication.
Information privacy involves the establishment of rules governing the collection
and handling of personal data such as credit information and medical and
government records (Banisar, 2000). Systems for collecting data on users’ energy
performance in a way interfere with privacy. In many countries the laws are not
keeping pace with technology development, which leaves the user of the new
technology without protection. Therefore, the actor that collects the data needs to
be a trustworthy company that follows rules and regulations and makes
agreements with the user of the system who provides personal data.

Another issue regarding integrity is the question of where the boundary lies
between the system and residents controlling energy usage. When it comes to
district heating, the system controls the heat in the different apartments already
and it is the building owner that decides upon that. When it comes to electricity
usage it is the residents themselves that decide over the usage. Some companies in
the ICT sector argue that letting people decide over their own electricity use will
not lead to any decrease in usage of electricity.

Using persuasive ICT services could be a way to achieve step-wise change in
energy usage behaviour. The user follows the argumentation and can agree or not
agree to the proposals. However, two aspects are crucial here: The first aspect is
whether it is acceptable from an integrity point of view for users to be persuaded
without their knowledge. This assumes that the user can avoid noticing that
persuasion is going on. A comparable example from marketing is subliminal
advertising. It is likely that persuasion technologies will function in a similar way.
The second aspect is about trust. Will residents accept the persuasive interaction if
it comes from an actor they cannot trust? The situation will be different
depending on who introduces the persuasive technology: the building owner, the
energy provider or the residents themselves.

Synergies and conflicts between different types of objectives

There are a number of technical barriers, economic challenges and policy and
regulatory restrictions that need to be overcome before many of the ICT
applications discussed in this report are common in anyone’s home or building.
One of the main barriers to the implementation of ICT technologies is the lack of
clear evidence about decreased energy use and energy bills. On the other hand,
increasing energy costs and shortage of energy will make the different categories
of energy users aware of the need for more efficient solutions.

The lack of standards and insufficient inter-operability (plug-and-play) is another
barrier. If the smart grid is to include real-time electricity pricing, infrastructure
needs to be put in place. In other cases, technical solutions are already in place,
they just need to be adapted for use in the energy efficiency area. New business
models need to be developed, as do financial mechanisms to support investment
in energy efficiency. Legislation can be assumed to become tougher regarding all
aspects that are related to climate change. Companies that are willing to act before
new laws come into effect might benefit from being early onto the market with
their products and services.
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There is a risk of conflict between energy efficiency and comfort in buildings.
Saving energy can potentially be a conflict between the residents’ need for
comfort and wellbeing and the building owner’s economic goals. If demand
response technologies become a reality, energy providers would sometimes be
able to cut off the electricity to certain places and/or subsctibers depending on
the availability of energy.

REEB objective compared with the objective of this study

The goal for REEB was to contribute to the EU wotld leadership in ICT-enabled
energy efficiency and also to support the EU goal of saving 20% of energy use by
2020 (COM, 2011). To achieve this, REEB compiled information from
commercial projects and European research projects so that the different projects,
as well as industry and authorities, could have easy access to it. The REEB project
covered the whole building life cycle from the planning phase through the
construction phase to the usage phase.

The objective of the present study was to list and describe ICT solutions that can
reduce energy use in buildings and to examine how the main actors (residents, the
building owner and the energy provider) can influence energy usage by
introducing different ICT solutions during the usage phase. We focused primarily
on conditions in Sweden, with its specific energy mix, energy systems, forms of
tenure, etc. We also sought to quantify the energy savings with each technology,
the changes acceptable for individuals before they feel their integrity has been
affected and the kinds of barriers to the technology being implemented in real life.
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13. Conclusions

The REEB study represented a major leap forward in the knowledge and
understanding of ICT applications for energy efficiency in buildings and where the
technology frontier is located at present in Europe. It provides a very good picture
of how different systems can be used and of the many different actors that are
involved. It attempted to estimate the amount of energy that can be saved by
different ICT solutions, but there was a lack of relevant data. The REEB’s own
conclusion from its work is summarised thus: “While there is an emerging
consensus about the key Research and Technology Development issues in ICT
enabled energy efficiency of buildings, the potential impact on energy reductions
of various technologies is not sufficiently well known”.

One part that is poorly developed by REEB is the best practice guide to real case
studies. The case studies that are presented are often very difficult to find and
sometimes there are no links to the actual case. The REEB states that based on
their inventory of FEuropean research projects and international research
initiatives, it is now possible to draw preliminary conclusions and identify further
challenges for research. REEB also points out that in the near future a wider
European research vision will be required, as well as further improvements in
research collaboration between different countries and universities.

There are different actors that could initiate strategies for energy reduction in
buildings by the use of ICT. It would perhaps be beneficial if this initiative did not
come from an actor that would lose revenue if usage goes down, i.e. the energy
provider. However, energy providers are also looking for new business
opportunities in other sectors where the energy price is higher than in the building
sector. This, together with new government policies, will probably be sufficient
incentive for them to start informing their subscribers of energy decreasing
activities.

Better knowledge needs to be developed to understand what ICT solutions and
where ICT for energy efficiency in buildings really can make a change in energy
use. Key actors in this field are the residents, since they are the users of energy.
Not much research has been focused on the individuals most influenced by this
technology and what they need and should benefit from. How should the
technology be desighed so that residents really feel motivated to use the
technology and are able to use it?

Another field that is pootly developed is what the business models will look like,
who could benefit and make a business out of this new and emerging area. What
kind of policies need to be developed and what new local and national authorities
need to be in place in order for the business to function well?

ICT for energy efficiency in buildings is currently mainly focusing on the
electricity grid. However, since Sweden has a large district heating grid, it would
also be possible to make energy savings in that system. There is thus huge
untapped potential for ICT to support these systems in the best possible way.
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Appendix 1

Research projects identified by REEB as being relevant for the ICT
as a motor project

Name:

‘AIM’

Short description

A novel architecture for modelling, virtualising and managing
the energy use of household appliances. The main objective is to
foster a harmonised technology for profiling and managing the
energy use of appliances at home. AIM seeks to introduce
energy monitoring and management mechanisms in the home
network and to provide a proper service creation environment]
to serve virtualisation of energy use, with the final aim of]
offering users a number of stand-alone and operator services.

Participants AIM is a consortium of 11 partner organisations from five
different European countries, coordinated by EUR.
Where Germany, Italy, Netherlands, Greece, France

Project duration

2 years (June 2008 — May 2010)

Link

http://www.ict-aim.eu/home.html

Name

‘ADDRESS’

Short description

Acronym for ‘Active Distribution network with full integration
of Demand and distributed energy RESourceS’.

ADDRESS wants to study, develop and validate solutions to
enable active demand and exploit its benefits.

To enable active demand ADDRESS intends to:

* Develop technical solutions both at the consumer’s premises
and the power system level

* Identify the possible barriers against active demand
development and develop recommendations and solutions to
remove these barriers considering economic, regulatory, societal
and cultural aspects.

To exploit the benefits of active demand ADDRESS will:

* Identify the potential benefits for the different power system
participants;

* Develop appropriate markets and contractual mechanisms to
manage the new scenarios; |

* Study and propose accompanying measures to deal with
societal, cultural and behavioural aspects.
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Participants

ADDRESS is a consortium of 25 partners from 11 European|
countries, carefully selected to meet the needs of the project in
terms of skills, competencies and understanding of the problem
and possible solutions, each of them bringing specific
knowledge of at least one aspect of the supply chain. Enel
Distribuzione is the Coordinator.

Where

UK, Spain, Finland, Belgium, Italy, Germany, Switzerland,
France

Project duration

4 years (June 2008 — May 2012)

Link

http://www.addressfp7.org/index.html

Name

‘Advanced facades at the University of Southern Denmark’

Short description

The aim of the project is to develop optimal control over the
combination of solar cells, solar shading, daylight and artificial
lichting integrated in intelligent facades and to demonstrate this
in connection with the construction of the new
University/Science Park of Southern Denmark at Sonderborg.
Such multi-functional facades will contribute significantly to a

reduction in energy use for lighting, ventilating and cooling the
buildings

Participants Science Park South A/S (project coordinator), Servodan A/S,
Esbensen Consulting Engineers A/S, Danish National Research
and Educational Buildings.

Where Denmark, Aalborg University

Project duration

4 years (March 2006 — February 2010)

Link

http://www.sbi.dk/en/research/energy_and_environment/adv
anced-facades-at-the-university-of-southern-denmark
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Name

‘Be Aware’

Short description

BeAware studies how ubiquitous information can turn energy|
consumers into active players by developing: An open and
capillary infrastructure wirelessly sensing energy use at appliance
level in the home and mobile interaction to integrate energy use
profiles into users’ everyday life. Value-added service platforms
and models are provided where consumers can act on
ubiquitous energy information and energy producers and othet|
actors gain new business opportunities. The prime challenge in
BeAware is to provide consumers with a new kind of feedback
about electricity conservation and turn them into active and
responsible consumers

Participants A collaborative research project co-funded by the European|
Union in the FP7/ICT programme. Helsinki University of
Technology, TKK, Interactive Institute, Energy Design Studio,
University of Padova, Department of General Psychology
Where Finland, Sweden, Italy

Project duration

3 years (May 2008 — April 2011)

Link http:/ /www.energyawatreness.cu/beawate/about/[ ] http:/ /www|
.energyawareness.cu/beaware/uploads/BeAware_leaflet.pdf
Name ‘BeyWatch’

Short description

‘Building Energy Watcher’ aims to design, develop and evaluate
an innovative, energy-aware and user-centric solution, able to
provide intelligent energy monitoring/control and power
demand balancing at home/building & neighbourhood level.

Participants Beywatch has established a consortium of 8 key players in the
field, including major service companies, manufacturers,
technology companies, universities and SMEs

Where Italy, University of Palermo, partners from Spain, France, UK,

Slovenia, Greece)

Project duration

30 months (December 2008 — June 2010)

Link

http:/ /www.beywatch.eu/about.php
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Name

‘BuildWise’

Short description

The objective of this project is to specify, design and validate
data management technology platform that will support
integrated energy & environmental management in buildings
utilising a combination of wireless sensor network technologies,
an integrated data model and data mining methods and
technologies.  Energy and environmental performance
management systems for residential buildings do not exist and
consist of an ad-hoc integration of wired building management
systems and Monitoring & Targeting systems for non-residential
buildings. These systems are unsophisticated and do not easily
lend themselves to cost-effective retrofit or integration with
other enterprise management systems.

Participants

10 partners, all from Ireland.

Where

Treland

Project duration

3 years (July2007 — June2010)

Link

http://zuse.ucc.ie/buildwise/

Name

‘DigiHome’

Short description

The DigiHome Services project aims to develop concepts for
integration of the intelligent and mobile home environments
and services. The new emerging concepts, proposed by the
project, will improve competitiveness of house and building
automation and consumer electronics markets in large scale and
will offer opportunities to define new products for mobile and
wireless clusters. The main objective of the project is to design|
and implement DigiHome pilot facility at VI'T — a prototype
house of digital home and mobile services for field tests.

Participants

The Technical Research Center of Finland (VIT) and 7 partners

Where

Finland,

Project duration

2.5 years (October 2005 — April 2008)

Link

http:/ /virtual.vtt.fi/virtual /proj2/digihome/

Name

‘DEHEMS - The
Management System’

Digital Environment Home FEnergy|
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Short description

The aim of DEHEMS is to provide the tools necessary for
efficient energy usage by allowing residents to view data on their
own homes and compare it against that of other DEHEMS
users. This should highlight potential energy wasting items in|
homes that could be replaced with more energy-efficient items,
saving energy and therefore money in the long run.

Participants The project partnership includes a mix of European local
authorities, private businesses and universities from Austria,
Romania, Belgium, Bulgaria and UK.

Where Across Europe

Project duration

The project runs until May 2011, with resident involvement for|
a few months at a time. The first phase ran from January to June
2009, the second from late 2009/early 2010 to late summer
2010. The final phase commenced in late 2010, to be completed
in spring 2011.

Link

www.dehems.org; www.dehems.eu

Name

‘Demand controlled ventilation systems for energy efficiency
and good indoor climate — Equipment and system requirements’

Short description

The overall object of the project is to disseminate technology]
about demand-controlled ventilation and show its potential for
benefiting its users’ health, comfort and productivity and in|
reducing energy bills. Specific objectives are: overview of sensot
technology, factors that contribute to describe needs, indicators
and their application in the field of demand-controlled
ventilation, discovery of the new opportunities with sensor, and|
information about their performance and suitable location.

Participants Chalmers University of Technology, Sweden, the Danish
Building Research Institute, the Norwegian University for
Science and Technology and also VT'T Building and Transport,
Finland

Where Nordic region, Sweden, Denmark, Norway, Finland

Project duration

3 years (August 2007 — July 2010)

Link

http://www.sbi.dk/en/research/health_and_comfort/hybrid-
learning-spaces/sensobyg/demand-controlled-ventilation-
systems-in-the-nordic-countries
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Name

‘DElight - Day-lighting and Electric Lighting Simulation

Engine’

Short description

Delight is a day-lighting simulation tool for buildings; it is
designed to efficiently and accurately calculate lighting levels and
daylight factors at predefined positions in a room for specified
exterior illumination environments (‘daylight’).

Participants Simulation Research Group, Lawrence Berkeley National
Laboratory

Where USA

Project duration |[No info

Link

http://gundog.lbl.gov/dhomepage.html

Name

‘DEMOHOUSE  Design and Management
improving the energy performance of Housing’

Options  for

Short description

DEMOHOUSE is focused on improving sustainable renovation|
of the existing housing stock in Europe. It aims to develop
minimum standards for energy-efficient and sustainable
renovation of dwellings. A recently developed Decision Support]
Tool provides simple guidelines to help energy-efficient and|
sustainable renovation of dwellings.

Participants Energy Research Centre of the Netherlands (ECN) + 14
partners
Where Netherlands

Project duration

3 years (February 2009 — January 2012)

Link

http://www.demohouse.net/
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Name

‘eDIANA — embedded Systems for Energy Efficient Buildings’

Short description

The main goal of eDIANA is to enable sustainable urban life
through rationalisation of the use of resources while increasing
comfort in urban environments by means of embedded
intelligence and integration technologies. The eDIANA
approach is to achieve greater efficiency in use of resources,
prioritising energy as a scarce resource, more flexibility in the|
provision of resources and better situation awareness for the)
citizen and for service and infrastructure owners. eDIANA’s
main outcome of application is improved energy efficiency in
residential and non-residential buildings

Participants

18 partners including 4 universities in Spain

Where

EU

Project duration

3 years (February 2009 — January 2012)

Link

http://www.artemis-ediana.cu/

Name

‘e-retrofit kit’

Short description

This international project is developed under the Austrian sub-
program ‘Building of Tomorrow’; It aims to develop an|
internet-based tool that enables social housing companies to
identify buildings that are suitable for passive house retrofit, the
target group being social housing companies.

Participants Bundesministerium fiir Verkehr, Innovation und Technologie,)
ENERGIECOMFORT
Where Austria

Project duration

5 years (January 2007 — December 2012)

Link

http://www.hausderzukunft.at/results.html/id4644ractive

Name

‘Optimised housing and buildings for better control of energy
and services - HOMES’

Short description

The objective of HOMES is to significantly increase energy|
efficiency in tertiary and residential buildings, whether new of
existing, by implementing active energy control and making
maximum use of each ‘drop’ of energy.

Participants

15 partners including 3 universities in France

Where

France
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Project duration

4 years (October 2006 — September 2010)

Link http:/ /www.schneidet-
electric.com/sites/corporate/en/press/press-kit/homes-
project.page

Name ‘TTOBO - Information and Communication Technology for

Sustainable and Optimized Building Operation’

Short description

ITOBO, the SFI Strategic Research Cluster for Sustainable and
Optimised Building Operation, is undertaking research in ICT in
order to develop a holistic, methodological framework for life
cycle orientated information management and decision support
in the construction and energy management sectors. Thel
domain-specific goal is to develop an anticipating (smart)
building that operates on an energy-efficient and user-friendly|
basis while reducing its maintenance costs

Participants

12 partners from Ireland, GB, Germany and Slovenia

Where

Ireland

Project duration

4 years (June 2008 — May 2012)

Link

http://zuse.ucc.ie/itobo/

Name

‘I3CON’

Short description

[3CON seeks to enable the transformation towards a sustainable
European construction industry delivering industrially produced,
integrated processes and intelligent building systems using]
distributed control systems with embedded sensors, wireless

connections, ambient user interfaces and autonomous
controllers.

Participants 26 partners from 14 different EU countries

Where EU

Project duration

4 years (October 2006 — September 2010)

Link

http:/ /www.i3con.org/
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Name

‘Intelligent Use of Buildings' Energy Information — IntUBE’

Short description

IntUBE aims to lead to increased life cycle energy efficiency of]
buildings without compromising the comfort or performance of]
the buildings by integrating the latest developments in ICT into
Intelligent Building and Neighbourhood Management Systems
(IBMS and NMS) and by presenting new ICT-enabled business

models for energy information-related service provision.

Participants

12 partners from different European Countries

Where

EU

Project duration

3 years (May 2008 — April 2011)

Link

http://zuse.ucc.ie/intube/ [ 1 http:/ /www.intube.cu

Name

‘SemSorGrid4Env - Semantic sensor erids for rapid application
_ g pid app
development for environmental management’

Short description

The main objective of this project is to specify, design,
implement, evaluate and deploy service-orientated architecture
and middleware, which allows application developers to build
open large-scale semantic-based sensor network grids for
environmental management. Such architecture and middleware
will enable the rapid development of thin applications (e.g.
mashups) that require real-world, real-time data coming from
heterogeneous sensor networks, making it possible to use
sensors for environmental management purposes other than
those they were originally expected to have (hence reducing
sensor network deployment costs) and to combine their real-
time data with historical data from other data sources, opening
possibilities of improving current decision-making procedures in|
a variety of situations (emergencies, monitoring, etc.).

Participants The SemsorGrid4Env consortium includes: Universidad
Politécnica de Madrid (Spain, Coordinator), University of]
Manchester (United Kingdom), National and Kapodistrian|
University of Athens (Greece), University of Southampton
(United Kingdom), Deimos Space (Spain), Emu Ltd. (United
Kingdom) and Techldeas (Spain).

Where EU

Project duration

3 years (September 2008 — August 2011)

Link

http://www.semsorgrid4env.eu/home.jsp
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Name

‘SensoByg’

Short description

The purpose of SensoByg is to develop and demonstrate
inexpensive and reliable monitoring systems for buildings and|
other large constructions established by means of embedded
wireless sensor technology and intelligent decision-supporting
tools. SensoByg focuses on the monitoring of moisture and
temperature based on wireless sensors. Moisture and
temperature control offers the greatest potential, while the
embedding of sensors in concrete and wireless transfers in
structures with much metal pose great challenges

Participants SensoByg is an innovation consortium headed by the Danish
Technological Institute and supported by the Danish Ministry of]
Science, Technology and Innovation.

Where Denmark

Project duration

3 years (August 2007 — July 2010)

Link

http://www.sbi.dk/en/research/health_and_comfort/hybrid-
learning-spaces/sensobyg
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Name

‘SM4ALL - Smart homes for all; an embedded middleware]
platform for pervasive and immersive environments for-all’

Short description

The SM4ALL project aims at studying and developing an|
innovative middleware platform for inter-working of smart
embedded services in immersive and person-centric
environments, through the use of composability and semantic
techniques, in order to guarantee dynamicity, dependability and
scalability, while preserving the privacy and security of the
platform and its users.

Participants

SM4ALL is a consortium consisting of universities and research
centres (UOR, TUW, RUG, KTH and FOI), user partners
specialising in domotics and home-care assistance (FSL and
THFL), an SME specialising in specific brain-computer
interfaces (GTEC), and leading companies in the embedded|
sector (TID and ED). This guarantees widespread dissemination
and exploitation of the project results, coupled with a privileged
position inside ARTEMIS and ARTEMISIA (due to the
presence of UOR, TUW and ED in such bodies).

Where

EU

Project duration

3 years (September 2008 — August 2011)

Link http:/ /www.sm4all-project.eu/
http://cotdis.europa.cu/fetch?’CALLER=FP7_PROJ_EN&AC
TION=[] D&DOC=15&CAT=PROJ&QUERY=[10124ba239f]
18:a0b5:17e9af87&RCN=87276

Name ‘SmartHouse/SmartGrid’

Short description

The SmartHouse/SmartGrid project sets out to validate and test
how  ICT-enabled  collaborative  technical-commercial
aggregations of Smart Houses provide an essential step to
achieve the needed radically higher levels of sustainability and
energy efficiency in Europe. It develops a holistic concept for
smart houses situated and intelligently managed within their
broader environment.

Participants

A consortium of 6 partners

Where

EU, Germany, Netherlands, Greece

Project duration

4 years (February 2009 — January 2013)

Link

http:/ /www.smarthouse-smartgrid.eu/index.phprid=42
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Appendix 2

Examples of tools that support Process Integration:
e Computer-supported collaborative work (CSCW)
e Customer relationship management (CRM)

e Data exchange standards

e Electronic document management (EDM)

e Product data management (PDM)

e E-mail, tele/web/video-conferencing/3D virtual

e Workflow management (Wife), SAP Business workflow, Microsoft BizTalk
and Windows Workflow Foundation are examples of these tools as of today.

e Supply chain management (SCM).

Groupware tools:

e Collaborative working environments
e Self-configurable systems

e Dynamic virtual teams

e Inter-enterprise inter-operability

e FE-lLegal

e Model-based workflows

e Model servers

e Monitoring and control via the internet.
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