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Fig. 3. Efforts at Smart Lighting and Homes from Thomas Edison {1910, left panel), th= Rural Electricity Administration (1933, middle), and General Electric and
Westinghouse (1956, right panel).
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. Benefits, Risks and Barriers

Smart home technologies in Europe: A critical review of concepts, benefits, risks and policies
Benjamin K. Sovacool , Dylan D. Furszyfer Del Rio, 2020
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Benefits, Risks and Barriers
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Eleven prominent definitions of smart home technologies, 1992 to 2019.

Source

Date

Definition

Lutolf [28]

1992

The integration of different services within a home by employing a common communication system. It assures an economic, secure and
comfortable operation of the home and includes a high degree of intelligent functionality and flexibility

Aldrich [29]

2003

A residence equipped with computing and information technology, which anticipates and responds to the needs of the occupants,
working to promote their comfort, convenience, security and entertainment through the management of technology within the home
and connections to the world beyond

De Silva et al. [30]

A home-like environment that possesses ambient intelligence and automatic control, which allows it to respond to the behavior of
residents and provide them with various facilities

Balta-Ozkan et al. [31]

A residence equipped with a communications network, linking sensors, domestic appliances, and devices, that can be remotely
menitored, accessed or controlled and which provide services that respond to the needs of its inhabitants

Saul-Rinaldi et al. [32]

Inclusive, two-way communication system between the house and its eccupants

Buildings Performance Institute
Europe [33]

A smart building is highly energy efficient and covers its very low energy demand to a large extent by on-site or district-system-driven
renewable energy sources. A smart building (i) stabilizes and drives a faster decarbonisation of the energy system through energy storage
and demand-side flexibility; (ii) empowers its users and occupants with control over the energy flows; (iii) recognizes and reacts to users’
and occupants’ needs in terms of comfort, health, indoor air quality, safety as well as operational requirements.

Hargreaves and Wilson [34]

A smart home collects and analyses data on the domestic environment, relays information to users (and service providers), and enhances
the potential for managing different domestic systems (e.g., heating, lighting, entertainment)

Strengers and Nicholls [1]

Shinetal [11]

The smart home encompasses home ICTs, connected and automated devices and appliances, and the Internet of Things.

An intelligent environment that is able to acquire and apply knowledge about its inhabitants and their surroundings in order to adapt and
meet the goals of comfort and efficiency

Gram-Hanssen and Darby [20]

One in which a communications network links sensors, appliances, controls and other devices to allow for remote monitoring and control
by occupants and others, in order to provide frequent and regular services to occupants and to the electricity system

Marikyan et al. [19]

A residence equipped with smart technologies aimed at providing tailored services for users
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Functional, instrumental, and socio-technical views of smart home technologies.

What 1= the smart

home?

What 1= the
purpose of the
smart home?

Functional view

A monitored sed environment that informe

occupants allowing active contrel or automation

A set of inconspicuous technologies offering
multiple remote and automated opportunities to

control the domestic environment

Improve quality of home life through new serviees

and enhaneced functionality

Enhancing lifestyle and domestic life by improving
convenlence, security, entertainment and

communication

Instrumental view

An optimally-managed building energy
gystem allowing information and price-
regponsive adjustments to behavior

A domestic enersy management system for
cost and convenience

Enable energy demand reduction in the home

and improved system management by utilities

Controlling heating and energv-uszing
appliances, and linking energy consumption

to household lived experience

Taher Abedinzadeh

Socio-technical view

A digital, technological, networked vision confronted by

the mundane realities of domestic life

(Yet another) set of technologies and dew:
integrated with exizsting domestic applian

routines

Mo inherent purpess, functions emerge as SHTs are
incorporated into domestic life as part of digitalization of
homes

Making control and monitering of homes and appliances
easier and more convenient as part of a long-running

dynamic towards modernizing homes
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Level O0: Bas

The basic
analogue
home
without any
smart
technology

Intuitive or Sentient smart homes become interconnected into neighbourhoods,

v

Level 1: Isolated

The future of smart home technologies

Moving beyond “dumb,” “analogue,” or “basic” homes without digital technology will involve multiple levels of
“smartness”

A home
with some
isolated
smart
technologie

s (e.g., baby

monitor or
TV)

Levels of smartness with smart home technologies.

Level 2: Bundled

Smart
technologie
s become
bundled
and
programma
ble (e.g.
heat and
appliances)

e
(o
ey
©
=
(]
-~
-
<

Smart
technologie
s become
programma
ble, more
automated
and
anticipatory

Level 4: Intuitive

Level 6: Aggregation

cities, and states
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Systems
integrate to
learn,
modify, and
adapt

provision of §

many
services

Level 5: Sentient

. Benefits, Risks and Barriers

Systems
fully
integrate
and
automate to
meet all
predicted
needs
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Thirteen smart home technology benefits discussed by expert interview re-
spondents (n = 31).

Rank  Frequency Topic
(by
interview)

80.65%  Energy savings

80.65%  Convenience and controllability

48.39%  Financial benefits and saving money

48.39% System benefits for grids, networks, operators

45.16% Environmental benefits including carbon, pollution,
waste

41.94%  Aesthetics including style, design, feel, and fashion

35.48%  Health benefits and assisted living

35.48%  Social benefits including inclusion, networking, status

29.03%  Educational benefits and learning

29.03% Entertainment including music, movies, streaming

29.03%  Safety and security

25.81%  Other enhanced experiences (e.g., shopping) Y

12.90%  Free services or promotional gifts

1
1
2
2
3
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Thirteen smart home technology benefits discussed by expert interview re- sl cws w1y g
spondents (n = 31).

Rank  Frequency Topic
(by
interview)

80.65%  Energy savings

80.65%  Convenience and controllability

48.39%  Financial benefits and saving money

48.39%  System benefits for grids, networks, operators

45.16%  Environmental benefits including carbon, pollution,
waste

41.94%  Aesthetics including style, design, feel, and fashion

35.48%  Health benefits and assisted living

35.48%  Social benefits including inclusion, networking, status

29.03%  Educational benefits and learning

29.03%  Entertainment including music, movies, streaming

29.03%  Safety and security

25.81%  Other enhanced experiences (e.g., shopping)

12.90%  Free services or promotional gifts Yy

1
1
2
2
3
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Thirteen smart home technology benefits discussed by expert interview re-
spondents (n = 31).

Rank  Frequency Topic
(by
interview)

80.65%  Energy savings

80.65%  Convenience and controllability

48.39%  Financial benefits and saving money

48.39%  System benefits for grids, networks, operators

45.16% Environmental benefits including carbon, pollution,
waste

41.94%  Aesthetics including style, design, feel, and fashion

35.48%  Health benefits and assisted living

35.48%  Social benefits including inclusion, networking, status

29.03%  Educational benefits and learning

29.03%  Entertainment including music, movies, streaming

29.03%  Safety and security

25.81%  Other enhanced experiences (e.g., shopping)

12.90%  Free services or promotcnal gifts Y¥
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1
2
2
3

PN L 1 A




Concepts, . Risks and Barriers

ISl 4y g i Jolt il o sl 4zl ol an 4 iils e dtaion 6l 6ls Gl o] o8 oS wi iy LS Gl o i b L e 250l Ul
SNl (S 6l ) Bl e ez s b Bl asl bos Gl ane s b OB il s was sles, b Jls u:}}*"T el (ls wu

il il e amil el Sl Gl S s e 5l wg Wi e 5 Lo e s Shas 5500 3 it
s (bl S S plsis 4 0l o b o S el 3T i b il (e 000 255 i b sl sl b (S o S UL
s Il BB ool o sl iy S Wl s T 250 4 aalsn e o e Jlie Do b s (S al lselsn 3 L5 08
= B e (Sole & aiesn 655l &S culon] a8 w5 sl 4 Jlasl BB 8 s ol &5 Cas ) oot w5 g cnl 2l ls 5L s )

‘Q‘%“}e“r\:-&‘J&j‘)’a’sJJSw;).L;.;wb\dT@)%M%éW‘)&é&&ﬁMJJW.M‘P@i}é\jogwdﬂé».}
..A.Isdao.bu;@\jw.&\: \J u&"’\ U"\

Thirteen smart home technology benefits discussed by expert interview re-
spondents (n = 31).

Rank  Frequency Topic
(by
interview)

25 80.65%  Energy savings
25 80.65%  Convenience and controllability
15  48.39%  Financial benefits and saving money
15  48.39%  System benefits for grids, networks, operators
14  45.16%  Environmental benefits including carbon, pollution,
waste
13 41.94%  Aesthetics including style, design, feel, and fashion
11  35.48%  Health benefits and assisted living
11 35.48% Social benefits including inclusion, networking, status
9 29.03%  Educational benefits and learning
29.03%  Entertainment including music, movies, streaming
29.03%  Safety and security
25.81%  Other enhanced experiences (e.g., shopping)
12.90%

1
1
2
2
3
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Thirteen smart home technology benefits discussed by expert interview re- . )\ ‘5,,\;.
spondents (n = 31).

Rank  Frequency Topic
(by
interview)

25 80.65%  Energy savings

25 80.65%  Convenience and controllability

15 48.39%  Financial benefits and saving money

15 48.39% System benefits for grids, networks, operators

14 45.16% Environmental benefits including carbon, pollution,

waste

41.94% Aesthetics including style, design, feel, and fashion
35.48%  Health benefits and assisted living
35.48% Social benefits including inclusion, networking, status
29.03%  Educational benefits and learning
29.03%  Entertainment including music, movies, streaming
29.03%  Safety and security
25.81%  Other enhanced experiences (e.g., shopping)
12.90%  Fre2 servizes or prormorinaal gifts Y7
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Taher Abedinzadeh

Seventeen smart home technology risks and barriers discussed by expert inter-
view respondents (n = 31).

Rank

Frequency
by interview

25
25
24
23

20

80.65%
80.65%
77.42%
74.19%

64.52%

48.39%
45.16%
29.03%
25.81%
22.58%
19.35%
19.35%

19.35%
16.13%
16.13%
6.45%
3.23%

Topic

Privacy, security and hacking

Technical reliability, warranties, and obsolescence
Usability, user acceptance and learning

Elitism, incumbency, barriers to market, and erosion of
democracy

Uncertainty, lack of sharing, and difficulty monetizing
benefits

Interoperability and resilience

Energy rebounds and wasteful consumption

Loss of personal control and autonomy

Resource intensity, materiality, and sustainability

Lack of home ownership

Cultural differences to global diffusion

Poor connectivity, lack of standardization, and supply
chains

Corporate longevity, accountability, and consumer choice
High cost

Fear of new technology

Social isolation and loneliness

Health
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Seventeen smart home technology risks and barriers discussed by expert inter-
view respondents (n = 31).

Rank

Frequency
by interview

25
25
24
23

20

80.65%
80.65%
77.42%
74.19%

64.52%

48.39%
45.16%
29.03%
25.81%
22.58%
19.35%
19.35%

19.35%
16.13%
16.13%
6.45%
3.23%

Topic

Privacy, security and hacking

Technical reliability, warranties, and obsolescence
Usability, user acceptance and learning

Elitism, incumbency, barriers to market, and erosion of
democracy

Uncertainty, lack of sharing, and difficulty monetizing
benefits

Interoperability and resilience

Energy rebounds and wasteful consumption

Loss of personal control and autonomy

Resource intensity, materiality, and sustainability

Lack of home ownership

Cultural differences to global diffusion

Poor connectivity, lack of standardization, and supply
chains

Corporate longevity, accountability, and consumer choice
High cost

Fear of new technology

Social isolation and loneliness

Health
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Concepts, Benefits,

= ~ . . . -
6\_3: N )\ é)\.. e | . S el e h “‘3 u,\ J-ALA-H % JS JL.’. 5 s N R \.9 Seventeen smart home technology risks and barriers discussed by expert inter-

view respondents (n = 31).
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Z = 25 80.65%  Privacy, security and hacking
‘Q‘Jg)\s 6J.SJLL A )\.u Lol g dLb s 6)3\ P S el O ) g2 u;\ L U'“‘J\‘" u:\ 25 80.65%  Technical reliability, warranties, and obsolescence

24  77.42%  Usability, user acceptance and learning

" . - i ol Z X 23 74.19%  Elitism, incumbency, barriers to market, and erosion of
.)\JB\ \JS\ Y .)JS d\"‘ \) &5 u" .,b\.» 8\3 BE .Ja)\é J.C—\.w.a Jg{.) 9 4&«.«» GL’U}’\J’\ democracy
20 64.52%  Uncertainty, lack of sharing, and difficulty monetizing
benefits
48.39%  Interoperability and resilience
45.16%  Energy rebounds and wasteful consumption
. . a o L e . P ol o e = 29.03%  Loss of personal control and autonomy
S L)JJ’. M}A 64"5 & s AS J‘J "’L‘“ >0 JL" L ‘)‘y s* \) o)\.a,....,\ W'Lb 25.81%  Resource intensity, materiality, and sustainability
22.58%  Lack of home ownership
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16.13%  High cost
A z .. 16.13%  Fear of new technology
. Kol d W\ D) L;g gy ) 6.45% Social isolation and loneliness
3.23% Health
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Concepts, Benefits,

3 )\ )\_, 53 )\__‘J J\_&;\ (s | JS A Ca 9w L, ch 3'4 Y M\_, asls P} LS\-".' _»\_ﬂ S.evemeen smart home technology risks and barriers discussed by expert inter-
view respondents (n = 31).

- R . - P P e . o . Rank  Frequency Topic
O HAe Ao ‘Lﬁf u.»‘ .w\ [y lezo [y JSJ C\.A u...n)\.@.:- u\}..& LY w\;}u M\S -
N . N Ao . 7 Z. N N 3 25 80.65%  Privacy, security and hacking
i sls )\ s ug"*‘ S "\"‘“L’ Kok o sl 6))\"3 J)j Ls\'C"’K"" O 0 SN )\)\'f 25 80.65%  Technical reliability, warranties, and obsolescence
24  77.42%  Usability, user acceptance and learning
. . . . - 1 ae 1 23 74.19%  Elitism, incumbency, barriers to market, and erosion of
S e a8 wolind 555 Gl b e S e 5] e o5 il b ol s
20 64.52%  Uncertainty, lack of sharing, and difficulty monetizing
oL . T Z . S s s oy o . ‘|z benefits
Lb u”’fs)j )‘ SR J)j' S Sl el 4 O JJM JL’ 2? £ A’L”. 48.39%  Interoperability and resilience

_ _ 45.16%  Energy rebounds and wasteful consumption
© . . 5 l Y 3 ; 3 e d‘ g . 29.03%  Loss of personal control and autonomy
45 Clina "’U) d‘ o D &WL‘ : &"WL“’ ‘u))\.a‘ J JJ\ y )\ ‘u\.é? 22 25.81%  Resource intensity, materiality, and sustainability
_ 22.58%  Lack of home ownership
ool cul osd o JS S sl @l b oS sl Loy s als [ s 19.35%  Cultural differences to global diffusion
19.35%  Poor connectivity, lack of standardization, and supply
chains
J‘sg.w‘ 9 xS gJM b 6‘“4&" u.aj\—"- L)’J’J""\'“' DL c.«\.:\}? «* )\)L L;\.b sals 9 UJJ& 19.35%  Corporate longevity, accountability, and consumer choice
16.13%  High cost
'\' \ . & \ 16.13%  Fear of new technology
91 s A1) SHN ) Gl 6.45% Social isolation and loneliness
3.23% Health
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Seventeen smart home technology risks and barriers discussed by expert inter-
view respondents (n = 31).

Rank

Frequency
by interview

25
25
24
23

20

80.65%
80.65%
77.42%
74.19%

64.52%

48.39%
45.16%
29.03%
25.81%
22.58%
19.35%
19.35%

19.35%
16.13%
16.13%
6.45%
3.23%

Topic

Privacy, security and hacking

Technical reliability, warranties, and obsolescence
Usability, user acceptance and learning

Elitism, incumbency, barriers to market, and erosion of
democracy

Uncertainty, lack of sharing, and difficulty monetizing
benefits

Interoperability and resilience

Energy rebounds and wasteful consumption

Loss of personal control and autonomy

Resource intensity, materiality, and sustainability

Lack of home ownership

Cultural differences to global diffusion

Poor connectivity, lack of standardization, and supply
chains

Corporate longevity, accountability, and consumer choice
High cost

Fear of new technology

Social isolation and loneliness

Health
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Seventeen smart home technology risks and barriers discussed by expert inter-

6)3\.'& aS Ay s u\...u M\}m )| Ls':"Jf s whj \g‘ NEEY U"‘Sﬁj ‘g;:"\) Jole g_)LC—jé}A view respondents (n = 31).

Rank  Frequency Topic
L t)\}a S0 oz s Sl 4 ols 0 &S s Olalo il el Wiy oo as e by interview
25 80.65%  Privacy, security and hacking
5 \ o 3 Ao R 25 80.65%  Technical reliability, warranties, and obsolescence
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Concepts, Benefits,

)\ J;_' s S e 6‘ 0)\}\ s 5, o )\ )\ < _)‘ Sul 4 as 5 Lol ool ¢ Je Seventeen smart home technology risks and barriers discussed by expert inter-

view respondents (n = 31).
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Rank  Frequency Topic
by interview

" o . ) . . R T 25 80.65%  Privacy, security and hacking

29 J‘Jg‘ )‘ LSJ\:‘.*“'I \""“'\) Ced )2 J"""“'L' T 6\ ")L’." Ay Illad D g u\""’)\" \ “QL" 25 80.65%  Technical reliability, warranties, and obsolescence

24  77.42%  Usability, user acceptance and learning

23 74.19% Elitism, incumbency, barriers to market, and erosion of

democracy

. 20 64.52%  Uncertainty, lack of sharing, and difficulty monetizing
- . . - Z . ol o o . TR R benefits
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‘ \ u“ u b)\j’\ » Lb 45.16%  Energy rebounds and wasteful consumption

o) o o © 2 l,‘ A S 0y 258 & S S S A5 29.03%  Loss of personal control and autonomy

Ol5E &l & ¢ J E N Al S 25.81%  Resource intensity, materiality, and sustainability

22.58%  Lack of home ownership
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Z : . . . . chains
Y Lf‘k" PEIREW K s \) Q\S..L.S D 20 )\ tb.) Q\.ia\ s S O 20 &5\'@’\‘)\*“ LY S -«\-:)\-) 19.35%  Corporate longevity, accountability, and consumer choice

16.13%  High cost
16.13%  Fear of new technology
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Seventeen smart home technology risks and barriers discussed by expert inter-
view respondents (n = 31).

Rank

Frequency
by interview

25
25
24
23

20

80.65%
80.65%
77.42%
74.19%

64.52%

48.39%
45.16%
29.03%
25.81%
22.58%
19.35%
19.35%

19.35%
16.13%
16.13%
6.45%
3.23%

Topic

Privacy, security and hacking

Technical reliability, warranties, and obsolescence
Usability, user acceptance and learning

Elitism, incumbency, barriers to market, and erosion of
democracy

Uncertainty, lack of sharing, and difficulty monetizing
benefits

Interoperability and resilience

Energy rebounds and wasteful consumption

Loss of personal control and autonomy

Resource intensity, materiality, and sustainability

Lack of home ownership

Cultural differences to global diffusion

Poor connectivity, lack of standardization, and supply
chains

Corporate longevity, accountability, and consumer choice
High cost

Fear of new technology

Social isolation and loneliness

Health
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Seventeen smart home technology risks and barriers discussed by expert inter-
view respondents (n = 31).
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by interview
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16.13%  High cost
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Ready for the Smart Buildings Revolution?

Based on IS EUROPE READY FOR THE SMART BUILDINGS REVOLUTION? (Buildings Performance

Institute Europe in 2017)
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ENERGY SYSTEM
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Ready for the Smart Buildings Revolution?
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Ready for the Smart Buildings Revolution?

Energy
performance of the
building stock

building s
prerequisite for a smart
one

Ability to keep
the building
adequately warm/
cool

Abu
provide occupants
with basic comfort

Healthy living
and working
environment
Asmart built
environment requires
hy indoor
vironment

EFFICIENT

Share of energy from
renewable sources
The higher the share of renewables, the
more relevant
the buildings’ ability to be demand-flexible

Photovoltaic solar energy covering
the energy needs of buildings
PV-owners are incentivised to self-
consume renewable energy

Efficient heating & cooling capacity
Individual heat pumps & district heating
systems are efficient heat-supply solutions
in relation to costs, fuel consumption

and ¢

RENEWABLE
ENERGY
UPTAKE

CONTROL
SYSTEMS

L4

DYNAMIC AND
AND SELF-LEARNI
HEALTHY

Smart meter

deployment
Empower end-users with

understanding and c
over their energy system

Dynamic energy market
The energy ma

dynamic and

smart energy solutions

Connectivity of
households

DYNAMIC
OPERABILITY

Taher Abedinzadeh

Access to demand
response

between buildings and
the energy system

Roll-out of building
energy storage
The storage of both
thermal and electrical
energy makes the
system more flexible

Market penetration
of electric vehicles
Flexible loads and
storage potentials of
both buildings and
cars enable uptake of
smart buildings

RESPONSIVE
NG ENERGY
SYSTEM

YA




Ready for the Smart Buildings Revolution?

BUILDING

ABILITY TO KEEP
EQUATELY WARM/CO!

SMART METER

DYNAMIC
MARKET

CONNECTIVITY

DEMAND RESPONSE

BUILDING ENERGY
STORAGE

EFFICIENT
HEATING
CAPACITY

RENEWABLE ENERGY
PHOTOVOLTAICS

SMART-READINESS

Netherlands

United Kingdom

United Kingdom

Slovenia
Czech Republic

Taher Abedinzadeh

Luxembourg

Romania

Lithuania

Bulgaria
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Standards
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Standards

EN 15232
Impact of Building Automation,
Controls and Building
Management

BA-efficiency categories
to DIN EN 15232 20047

Highly energy-efficient
nd TBM

and some sp

Energy efficiency

Corresponds to high energy performance BACS and TBM

Networked room automation with automatic demand control
Scheduled maintenance

Energy monitoring

Sustainable energy optimization

Corresponds to advanced BACS and some specific TBM functions

¢ Networked room automation without automatic demand control
e Energy monitoring

[ Corresponds to standard BACS
o Networked building automation of primary plants
* No electronic room automation,

thermostatic valves for radiators
« No energy monitoring

Corresponds to non-energy efficient BACS. Buildings with such systems shall be
retrofitted. New buildings shall not be equipped with such systems

e  Without networked building automation functions

¢ No electronic room automation

¢ No energy monitoring

Taher Abedinzadeh
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Standards

Some functions and their impact on the definition of the energy efficiency classes

Automatic control

Ventilation and air conditioning control

.Air flow control at the room level

0 - No control

:1 - Manual control

2 -Time control

.3 - Presence control

.4 - Demand control

Air flow control at the air handler level

'0 - No control

'1 - On/off time control

:2 - Automatic flow or pressupre control

Supply Temperature control

'O - No control

'1 - Constant set point

:2 - Variable set point with outdoor temperature compensation
3 - Variable set point with load dependant compensation
Lighting Control

Occupancy control

'0 - Manual on/off switch

:1 - Manual on/off switch + additional sweeping extinction signal
.2 - Automatic detection Auto On/Dimmed

'3 - Automatic detection Auto On/Auto Off

.4 - Automatic detection Manual On/Dimmed

.5 - Automatic detection Manual On/Auto Off

lDaylight control

.O - Manual

1 - Auto

Blind control

0 - Manual operation

1 - Motorized operation with manual control

'2 - Motorized operation with automatica control
'3 - Combined light/blind/HVAC control
Building Automation

0-No building automation function

.1 - Adapting the operation of the building and technical systems to user needs
2 - Optimizing the operation by the tuning of the different controllers

3 - Standard alarming functions
4 - Standard monitoring functions
Technical Building Management

0 - No technical building management function

1 - Detecting faults of building and technical systms and providing support to the

diagnosis of these faults

2 - Reporting information regarding energy consumption, indoor conditions and

possibilitics for improvement

Definition of classes

Non
residential

DCBA D CB A

Residential

Yy




Standards

BAC efficiency factors fBAC.hc
Non residentiel building [I]--[I] Energy saving adopting classes

* Stand. Adv. Full D— A > A
autom. autom. autom. autom.
Offices 1 .5 0.80 0.70 54% 30% O”
0.93 0.87 36% 30%

Lecture hall 1.24 0.75 0.35 60% 50%

1.06 0.94 0.89 53% 29% 50% 25
Education buildings (school) 1.20 0.88 0.80 33% 27% 20% 12%

1.07 0.93 0.86 25% 18% 20% 12%

Hospitals

0.91 0.86 31% 9%
0.95 0.90 18 13% 14% 9%
Hotels 0.85 0.68 48% 43% 32% 25%
0.96 0.92 36% 21% 32% 15
Restaurants 0.77 0.68 45% 32% 23
0.95 0.91 35% 6% 32% 23
Wholesale and retail trade service buildings 0.73 0.47 62% v 40%
0.95 0.91 44% 32% 40% 27%

Residential buildings

Single family houses
Apartment block
Other residential buildings

=

—_ -
OO0 WA =200 =

cuv|loMv|low|o w

—_
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Existing Software and Hardware

Based on “A Review of Systems and Technologies for Smart Homes and Smart Grids

Gabriele Lobaccaro , Salvatore Carlucci and Erica Lofstrom(2016)
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o d dyame 5 6ol p s 5 D Dl 4 o,lal 5 bas e ol GleS 5y 3550 50 G b iyl s e SL1 il 55 s
31 o Madn 6l Kl ool 5 Cuns
w8 5 oy 5y5e 5 Aealin il L1155 s s s S e3ls 5 ool G Jelws s sl p S el e 5 s NECHRCER M I
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(IWT)Integrated wireless technology L 4> S v o 505\

«(HEMS) Home energy management system L S o5 5l &y e P

(SHMC) Smart home micro-computers L aise S b L], 5 S

(SHS /HA)Home automation | S sele sl
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Existing Software and Hardware

Symstems and

Technologies Company

Country

Automation

Visualization

On

Off

Wireless Protocol

Commercial Source

Availability Av;i[la:i:ity
ode;

DD PC App ZB ZW

BT RFID GSM

IN  Wi-Fi

Other Web Prod Op. CL

6LoOWPAN
Bluetooth
DASH7
EnOcean Technology
GSM

MyriaNed

NeuRFon™ Netform
RFID
UWB
Wifi
Z-wave
ZigBee

International
Sweden
Europe
International
International
The
Netherlands
International
International
International
USA
International
USA

/ /
- / V
/ /

v

CISCO
DigitalSTROM
Dreamwatts
e-GOTHAM
EmonCMS
Energy Team
Google PowerMeter
Savant
SMARTHEMS™
The Energy Navigator

USA
Germany
International
Europe
International
Italy
USA
USA
Japan
Germany

< <. < 2 <2 <2 < < < <

Arduino
Banana Pi
BeagleBone
Raspberry Pi

Libelium Waspmote

Italy
United
Kingdom
USA
United
Kingdom
Spain

British Gas

Control4
Creston
GE Brillion Technology
HomeSeer HS3

United
Kingdom
USA
USA
USA

— Vv

- N

Automation. It can be disabled (Off) or enabled (On). In the latter case, it is also reported

if the automation is activated by a remote control (RC), by a smart meter (SM) or by a

sensor (S); Visualization of feedbacks to users: Dashboard or display device (DD), physical component (PC), App; Adopted wireless protocol: ZigBee (ZB), Bluetooth (BT), Z-Wave
(ZW), Radio Frequency Identification (RFID), Global System Mobile (GSM/GPRS), Insteon (IN), Wi-Fi and other; Commercial availability of the product: on a website (WS) or from
the producer (Prod.), Source availability model: it is an open (Op.) or a close (Cl.) source. The symbol (/) means that is present in the system/technology, while “~“ means that is

not present.

Taher Abedinzadeh




Existing Software and Hardware

Symstems and

Technologies Company

Honda
iHome
Iris
KNX
LGSmart Thing

LonWorks

Nexia
OpenHAB
Panasonic

Samsung SmartThings

Staples Connect
UPnP Technology
Vera smarter home
control
WeBee
Whirlpool
Wink

Automation. It can be disabled (Off) or enabled (On). In the latter case, it is also reported if the automation is activated by ¢

Automation

Country On Off

RC SM S

Japan - /-
USA '
USA
Europe
South Korea
USA
USA
Germany
Japan
South Korea
USA
International

China

USA
USA
International v _

Visualization

DD PC App ZB ZW BT RFID GSM

Wireless Protocol

IN Wi-Fi

v

Commercial
Availability

Other Web Prod

Source
Availability

Model
Op. CL

remote control (RC), by a smart meter (SM) or by a

sensor (5); Visualization of feedbacks to users: Dashboard or display device (DD), physical component (PC), App; Adopted wireless protocol: ZigBee (ZB), Bluetooth (BT), Z- Wave
(ZW), Radio Frequency Identification (RFID), Global System Mobile (GSM/GPRS), Insteon (IN), Wi-Fi and other; Commercial availabili
the producer (Prod.), Source availability model: it is an open (Op.) or a close (CL.) source. The symbol (/) means that is present in the

not present.

Taher Abedinzadeh

system/technology, while “~
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of the product: on a website (WS) or from
means that is
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Existing Software and Hardware
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Existing Software and Hardware

Table 2. Comparison among the different integrated wireless technologies.

Description and Main Features

Max Transmission
Speed/Operation
Range

Transmission
Distance

Internet
Standard Protocol (IP)
Support

Adoption
Rate

Strengths

6LoWPAN

(1) Its full name is IPv6 over Low-Power
Wireless Personal Area Networks;

(2) It is a networking technology that allows
[Pv6 packets to be carried efficiently within
small link layer frames, such as those defined
by IEEE 802.15.4;

(3) It enables TEEE 802.15.4 (IEEE *
subcommittee for low rate WPAN) and IPvé
to work together in order to achieve IP
enabled low-power networks of small devices
including sensors, controllers etc.;

(4) The standard IETF RFC 4944 describes the
mechanism of combining IP and

WPAN technologies

250 kbps, 2.4 GHz;
40 kbps, 915 MHz;
20 kbps, 868 MHz;

Up to 200 m

IETF RFC 4944;

IEEE 802.15.4 Medium

(1) Benefits of both IP
and Bluetooth;
(2) Low energy usage

Bluetooth

(1) It is wireless communications system used
to exchange data over short distances;

(2) It employs short-wave length radio
transmission in the Industrial, scientific and
medical (ISM) band (2400-2480 MHz);

(3) Its main features are low energy usage and
fast data exchange as well as

widespread availability

(1) It is an open source wireless network
protocol for sensors and actuators, which
operates in the 433 MHz, 868 MHz and 915
MHz unlicensed ISM band /SRD band;It
provides multi-year battery life;

(2) It ranges of up to 2 km;

(3)It has low latency for connecting with
moving things;

(4) It has a very small open source

protocol stack

(5) It has AES 128-bit shared key
encryption support;

(6) It has a data transfer of up to 167 kbit/s;
(7) DASH7 Alliance Protocol is the name of
the technology promoted by the non-profit
consortium called the DASH7 Alliance

721 kbps for v1;

2.1 Mbps for v2.0 +
EDR *%;

24 Mbps for v3 + HS ***;
25 Mbps for v4

10 m typical

0-500 m and
0.3-1 km

Extremely

IEEE 802.15.1 high

ISO/IEC
18000-7

(1) Ease of access;
(2) No configuration
requirement;Secure
connection

(1) It penetrates concrete
and water;

(2) It transmits and receives
over very long ranges
without requiring a large
power draw on a battery




Existing Software and Hardware

Description and Main Features

Max Transmission
Speed/Operation
Range

Transmission
Distance

Standard

Internet
Protocol (IP)
Support

Adoption
Rate

Strengths

EnOcean
Technology

(1) It is an innovative energy harvesting
wireless technology with the smallest amount
of energy from their environment;

(2) It consists of wireless technology
components for self-powered wireless control,
signalling and monitoring of systems

Itis on the 868.3 or
315 MHz frequency

30 m (in-doors)

ISO/IEC
14543-3-1; IEEE
802.15.4

Medium

(1) Energy management
and highly efficient
energy storage;

(2) It uses wireless
standards optimized for
solutions with ultra-low
power consumption.

(1) Global system mobile (GSM/GPRS) is a
mobile phone communication that operates in
geographical cells. The sizes of these cells
depends on the required need for traffic
distribution and demand;

(2) It is better known as a mobile wireless
system and it operates at either 900 MHz or
1800 MHz frequency band

270 kbps

Several
kilometers

Gaussian
Minimum Shift
Keying (GMSK)

Yes, static and
dynamic IP

Widely
adopted

(1) Low cost;
(2) High-quality signal;
(3) High compatibility

MyriaNed

(1) It is a self-organizing, gossiping wireless
sensor network (WSN) platform;

(2) It uses an epidemic communication style
based on standard radio broadcasting;

(3) It is inspired by biological processes where
many nodes (e.g., birds, ants, cells) operate in
large distributed systems (flocks, organized
colonies, organisms);

(4) Its technology is a decentralized system
based on bottom up approach, where the
behavior of a single element (node) will result
in emerging behavior of the

system (application)

2.4 GHz radio
frequency;

868 MHz radio
frequency;

Other frequencies are
under development

Several meters

MyriaNed
GOSSIP
protocol; MAC

4 protocol

Medium/low:

the system is
developing

(1) Low energy usage;
(2) Low cost;

(3) Scalable;

(4) Self-configuring

NeuRFon™
Netform

(1) It is a self-organizing wireless network for
low data rate, low-power fixed sensor nodes;
(2) The protocol utilizes a logical backbone
architecture through which data
communication between all the network
nodes are supported by hierarchical routing

(1) Radio frequency identification (RFID) is a
system that transmits the objects identity
wirelessly by radio waves;

(2) It can be categorized based on its used
frequency range: low (124-135 KHz), high
(13.56 MHz) and ultra-high frequency
(860-960 MHz)

250 kbps

Low 124-135 KHz;
High 13.56 MHz;
Ultra-high
860-960 MHz

Low 30 cm;

High 1.5 m;

Ultra-high
1-15m

IEEE 802.15.4;
MAC ****

protocol

Various
standards

Medium

Widely
adopted

(1) Low data rate;
(2) Low energy usage

(1) Stable technology;
(2) Continue evolution;
(3) Open architectures
becoming increasingly
available




(1) It has recently attracted much attention as
an indoor short-range high-speed wireless
communication [36];

(2) One of the most interesting characteristics
is that its bandwidth is over 110 Mbps (up to
480 Mbps), which can satisfy most of the
multimedia applications such as audio and
video delivery in home networking;

(3) It can also act as a wireless cable
replacement of high speed serial bus such as
USB 2.0 and IEEE 1394

100 Mbps

802.15.3a

Medium

(1) Indoor short-range
high-speed;

(2) Its bandwidth satisfies
most of the multimedia
applications

(1) It is a very popular technology used in
HANSs, mobile phones, personal computers
and many other electronic devices;

(2) Its main feature is the existing wide
support: almost every new electronic device,
be it a personal computer, laptop, game
console or a peripheral device, comes with
installed Wi-Fi technology;

(3) It is generally upper layer protocol with IP
being the most predominant protocol,
allowing communications over the internet
without needing a protocol translator

300 Mbps

IEEE 802.11

Extremely
high

High speed mature
standard

(1) Wireless local area network (WLAN)
employs the spread spectrum technology, so
that users can occupy the same frequency
bands while causing minimal interference to
each other;

(2) Also known as Wireless Ethernet, it is able
to provide robust communications with low
latency and capable of point-to-point as well
as point-to-multi-point transmissions

150 Mbps

IEEE 802.11

Extremely
high

Low interference from
users

(1) It is a proprietary standard intended
exclusively for remote control applications in
residential and business areas;

(2) This protocol works at 868 MHz in Europe
and 908 MHz ISM band in USA;

(3) It has typically 30 min door range, which
extends up to 100 m outdoors;

(4) Mesh networking is employed in Z-Wave,
essentially meaning an unlimited range;

(5) The main advantages of this technology
comes from simple command structure,
freedom from household interference,
low-band width control medium and

IP support

100 kbps

30 m indoor;

S .
100 m outdoor Proprietary

Medium

No interference from
household devices

(1) It is a wireless mesh network that proved
to be very efficient and cost effective;

(2) It offers low data rate for Personal area
networks (PANs);

(3) It can be used broadly in device control,
reliable messaging, home and building
automation, consumer electronics, remote
monitoring, health care, and many other areas

250 kbps (2.4 GHz);
40 kbps (915 MHz)

IEEE 802.15.4

IPv6 only in Widely
SEP2 adopted

Low cost, low power usage,
high number of nodes

IEEE *: Institute of Electrical and Electronics Engineers; EDR **: Enhanced Data Rate; HS ***: High Speed; MAC ***: Medium Access Control.
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Existing Software and Hardware
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Product Name

Existing Software and Hardware

Main Features

It provides energy

management to industry

of all sizes and homes.
The service, called Cisco
Energy Optimization
Ser ses advanced
technology to maximize
energy and cost savings
across the network

and datacenters;

Strengths

(1) Demand-response programs:

ut s can significantly
improve grid capacity and asset
usage at peak times by reducing
the load on generation

and distribution;

(2) The pricing programs, such
as critical-peak and time-of-day,
for reducing and shifting the
power demand have

been embedded

Product Name

DigitalSTROM

Weaknesses

em has not
been integrated in
the CISCO
onnected Grid
Energy
Management
system

e-GOTHAM

EmonCMS

Main Features

It is a system that
connects all home
electronic devices
through the existing
power lines. It includes a
control system and
smart metering

It is a web-enabled,
user-friendly HEMS for
monitoring and
controlling the energy
usages of buildings

It is an open smart-grid
system that allows users
to manage components
within a micro-grid, and
to operate in
collaboration with the
overall smart grid

Itis a free app for

processing, logging and
visualizing energy usage,
temperature and
environmental d

Strengths

(1) The system works usir
existing electric power lines of
the house;

(2) The components of the
system are largely invisible and
they could be applied on any
equipment of the house that
works with electricity;

(3) There are many apps
compatible with the system

(1) The system is open source
and accessible from everywhere;
(2) The system helps to
demonstrate the importance of
access to energy information;
(3) The system has user-friendly
interface, low cost monitoring
and control system;

(4) It provides the lowest cost of
ownership of any product on
the market

(1) The system has multiple
local controllers;

(2) It offers communication
mong producers, users, a
common information model,
databases and algorithms in
order to coordinate the
appliances via the user

applications

(1) The users can have full

control of the energy data;

(2) The app can be install on a

private server or on the

hosted service;

(3) Input processing allows for

conversion and processing

before storage. There are over 23

different input processes from

simple calibration to power

data, and can be represented

with an histogram;

(4) Zoom through large data-set,
mpare multiple datasets by

using the multi-graph

visualization builder;

(5) The system could be

installed directly by the users

Weaknesses

(1) The system
works well onl
with

dedicated apps;
(2) The system
cannot be used for
managing the
energy of an
entire district

The system is an
energy monitoring
tool that doesn’t
allow any changes
by the users

(1) The system has
only been tested in
a large scale living
lab for Smart Grid
activities in the
community of
Steinkjer (Norway);
(2) The system
needs to become
more flexible and
scalable in order to
be used in
industrial or
tertiary sector

The system doesn’t
allow any remote
trol for
managing and
controlling the
energy of the house
as well as to create
a users’ schedule in
order to setting the
turn on/off time of
the home
equipment

oy




Existing Software and Hardware

Product Name

Energy Team’s
Energy Data
Collector Tool

Google
PowerMeter

avant

SMARTHEMS™

Main Features

(1) The tool is
constituted of (i) an
integrated web server for
the configuration of the
system and data analy
and (ii) a gateway to
collect, store and send
data to a the server;

It visualizes energy
usage trough a web
application

It is an energy
monitoring utility
including the
visualization of energy
usage, the possibility to
share information and
energy saving tips

The Savant HEN

allows setting and
controlling the energ)
usages of the home from
a GUI on electronic
devices

Panasonic has developed
its own HEMS. It uses
Artificial Intelligence
and Smart Energy
Gateway (AISEG) to
manage energy
generation, storage and
savings equipment

Strengths

(1) It can manage hundreds of
sensors and up to 1600
measure

(2) Direct Wi-Fi connection to
the device even with no web
platforms available;

(3) HTML 5 web applicatior
optimized for mobile devices
that automatically adapts to the
equipment used;

(4) 8 GB of local storage mem

(1) The system is open source
and accessible from everywhere;
(2) The system helps to
demonstrate the importance of
access to energy information;
(3) The system allows to
personalize recommendations i
order to save L‘l\L’rg_\'

(1) The system permits the users
to monitor energy usage and
production in real time,
including historical data of
multiple energy management

(2) Users can reduce energy
usage ar sts by controlling
how and when specific devices
use power-particularly during
peak pricing or load periods

(1) The system allows to
promote energy savings by
visualizing energy usages. It
makes the flow of energy
throughout the entire home
exchanging
information with home
appliances;
(2) By using smartphone, TV,
and other equipment, residents
can check the energy used by
each home appliance and in
each room

Taher Abedinzadeh

Weaknesses

(1) The system is
an energ
monitoring tool
that doesn’t allow
any direct changes
by the users;

(2) Design of
components
optimized for
industrial
applications and
not for home
installation;

(3) A touchscreen is
not available to
enhance the user’s
experience

(1) The system is an
energy monitoring
tool that doesn’t
allow any changes
by the users;

development

(1) This system
requires
professional
installation;

(2) The company
does not offer
technical support
of any kind

been integrated in
a smart grid yet
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Table 5

Strengths and weaknesses of the analyzed SHMCs.

Product Name

Main Features

Strengths

Weaknesses

Arduino

(1) It is an open-source electronics platform
equipped with hardware and software;

(2) It senses the environment by receiving
inputs from many sensors, and affects its
surroundings by controlling lights, motors,
and other actuators

(1) High flexibility and compatibility with the different kind
of sensors;
(2) It is intended for anyone making interactive projects

Banana Pi

(1) It is a single-board computer;
(2) It can serve as a platform to make many
applications for different purposes

(1) It targets to be a cheap, small and flexible enough
computer for daily life;

(2) It is built with ARM Cortex-A7 Dual-core CPU and
Mali400MP2 GPU and open source software;

(3) Most of common extension accessories Including LCD
panel, touch screen, camera module, UART console and
GPIO control pins are accessible from Banana Pi on-board
connectors and headers

BeagleBone Black

(1) It is an open hardware micro-computer
similar to both Raspberry Pi and Banana Pi;
(2) It has a MR Cortex-A8 processor. It is
equipped with Ubuntu and Android;

(3) It is an open hardware,
community-supported embedded computer
for developers and hobbyists

(1) High flexibility and compatibility with the different kind
of sensors;
(2) It is intended for anyone making interactive projects

Raspberry Pi

It is a capable credit-card sized computer
that allows developing electronics projects

(1) Ability to interact with the outside world, and has been
used in a wide array of digital maker projects, from music
machines and parent detectors to weather stations and
tweeting birdhouses with infra-red cameras;

(2) Could be used by people of all ages;

(3) Its challenge is to be used by people of all ages to explore
computing and to learn how to program in languages like
Scratch and Python and how to manipulate the electronic
world around them

Libelium
Waspmote

(1) It is an advanced mote for Wireless sensor
networks (WSN);

(2) It allows a total control over the hardware
devices. It could be connected with any kind
of sensor

(1) It is robust and waterproof;

(2) It supports the following protocols: ZigBee, Wi-Fi,
LoRaWAN, LoRa, Sigfox;

(3) It has a craphical and intuitive programming interface

(1) All these systems require the user to
have some technical background and
electronics basics;

(2) It also requires time to be learned
and become expert in assembling and
using it. However, many tutorials and
detailed information about their
assembly and use are free available
on line;

(3) Another barrier is constituted by
their commercial price that can also
reach thousands of euros
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Table 6. Features, strengths, and weakness of the analyzed HA systems.

Product Name

Main Features

Strengths

Weaknesses

British Gas Smarter
living & Energy
saving—Smart meters

It is a smart home energy monitoring and
controlling system developed by British
Gas for their customers in order to keep a
better control of the energy bills

(1) It allows users to interact with home appliances
and works with a smart energy monitor that can
be placed anywhere in the home;

(2) It shows the used energy, gas and electricity, as
well as its cost

It is a system developed by the British Gas
company and therefore it is linked to
a contract

Control4dHome
Automation

Itis a HA system that allows the products
and devices that the users already have
and use every day, work together

(1) Compatible with any other smart technology;
(2) User-friendly control by a dedicated app

(1) The system allows the users to control
lights, audio and security in the house, but
not monitoring the energy usage

and production;

(2) The system must be installed
professionally by an authorized dealer;

(3) It works only with internet connection
and only with families of peripherals that are
compatible with the controllers in this
system are Bluetooth, Wi-Fi, KNX, Z-Wave
and ZigBee;

(4) It offers limited mobile access
functionality with its base system setup;

(5) The Help & Support section of the system
is poorly performed

Creston Home
Automation &
Entertainment

Complete control of home appliances:
turn on TVs, lights, adjust thermostats,
fish tank or sauna, efc.

(1) The simplicity of the system and the
user-friendly GUI;

(2) It is fully compatible with media players and
with home automation peripherals;

(3) Customers’ service can support the users all the
time. Moreover, the user manual, FAQs, email
support, phone support and tutorials are available

(1) The system allows the users to control
lights, audio and security in the house, but
not monitoring the energy usages

and production;

(2) Many of the peripherals are specifically
designed to work with Crestron

hardware controllers;

(3) The home automation system installation
must be set by professionals. Only after the
installation, the users can add

compatible devices;

(4) It does not have a live chat support option
or a user forum
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Product Name

Main Features

Strengths

Weaknesses

General Electric
Brillion Technology

It allows the user to interact with their
smart home appliances using
smartphones

It allows the user to monitor and control
appliances anytime, anywhere with a
smartphone app

(1) It only works with General
Electric appliances;
(2) It is closed sourced

HomeSeer HS3

It is a home HA system relatively easy to
use, but it takes time to master. It's highly
compatible with a variety of
home-control technologies and gives a
wide range of software compatibility

as well

(1) Compatible with a variety of others systems
and programs;

(2) Online store available;

(3) It is compatible with the most popular
operating systems;

(4) The software gives you the option to create
simple or complex programs to help you get the
level of customization you desire for your smart
home. These programs can activate automatically,
manually and even using voice control;

(5) It is offers a strong customer support such as
video tutorials, telephone support and live chat, as
well as user manual and an online knowledgebase
and active community forum; (6) The system
works also without internet connection

(1) It does not offer a home security
monitoring subscription;

(2) The Pro version requires an

extra payment;

(3) It doesn’t support Bluetooth, KNX and

ZigBee control technologies

Honda Smart
Home US

It is a hardware and software system that
monitors, controls and optimizes
electrical generation and usage
throughout the home micro-grid

(1) The HA system stores solar energy generated
during the day for use at night, when household
demand typically peaks and electric vehicles are
usually charged;

(2) Capability of ‘listening’ to the grid to ensure
only draws power at the most

carbon-efficient times;

(3) Solar energy and plug-in electric vehicles can
join forces to provide zero carbon living

and mobility

It is not compatible with other smart
technologies systems

iHome or Apple
HomeKit

It has not been presented yet, but Apple
has announced that the system will be
released along with 10S8. However,
several iHome products are already
available in the market

(1) It would use the location and the movements’
data from devices using GPS technology to
anticipate occupants” upcoming actions by
providing an intelligent reaction;

(2) A central hub device will allow connecting all
the home appliances

(1) It has not been available on the

market yet;

(2) It only works with Whirlpool appliances;
(3) It is closed sourced
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Product Name

Main Features

Strengths

Weaknesses

It is a simple, customizable smart home
management system by connecting with
compatible smart devices through a

single app

It is an intelligent home and building
control that enables the combination of
different technologies and systems

The system is easy to control and has great
software compatibility

(1) It is a worldwide open standard;

(2) It is a flexible system able to combine different
technologies, appliances and systems from
different manufacturers within one system

(1) It does not interact with media players;
(2) It does not natively support Wi-Fi;

(3) The basic plan does not allow advanced
control to create rules and programs
across devices

The system is expensive

LG Smart Thing™

Itis a HA system constituted by all the
home appliances that can communicate
each other

(1) It allows user to monitor and control appliances
anytime, anywhere with a smartphone app;

(2) It provides personal suggestions customized to
the users habits, lifestyle and schedule to save
energy and improve efficiency

(3) The system communicates with the customers
center or transmits data over Wi-Fi to the
smartphone app for quick and easy diagnosis and
solutions in case of malfunctioning

(1) It only works with LG appliances;
(2) It is closed sourced

LonWorks

LonWorks is a standard network in
buildings market with a number of
Building Automation Systems suppliers
standardizing on LON including Siemens
Building Systems and Honeywell

(1) LonWorks is a standard technology for many of
the global standards organizations including
ASHRAE, IEEE, ANSI, SEMI and others;

(2) It is used for the automation of various
functions within buildings such as lighting

and HVAC

It was mostly applied in commercial
buildings because its slow development
during the last few years

The system works to monitor and
improve home energy usage patterns and
by integrating security components such
as security cameras, entry sensors and
door locks

(1) It is easy to use given its relatively few features;
(2) It does not require professional help to install,
unless the users use one of the thermostats system
controller coupled with the system

(1) The system does not support peripherals
other than Z-Wave;

(2) The system does not work with window
shading, such as blind and curtain motors, or
home theater systems;

(3) The system does not offer any
compatibility with other smart home
control technologies
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Product Name

Main Features

Strengths

Weaknesses

OpenHAB

Easy integration with different
HA systems

(1) The system is fully open source;

(2) No remote access is possible, if it is not desired;
(3) Everything works nicely within the intranet
and does not even require an Internet connection;
(4) The system is easily extensible to integrate
new devices;

(5) It can be run on any device that is capable of
running a Java virtual machine

The system allows the users to control lights,
audio and security in the house, but not
monitoring the energy usage and production

Panasonic smart
appliance

Itis a HA system constituted by all the
home appliances that can communicate
each other

It allows the user to control and manage their
smart appliances and power usage. They can be
remotely controlled and set on pause when energy
costs are high

(1) It only works with Panasonic appliances;
(2) It is closed sourced

Samsung SmartThings

Staples Connect

(1) It is a complete home monitoring and
security solution;

(2) It has to be coupled with a

Hub system

It allows to connect appliances and
systems like lighting, heating and
air-conditioning, and even window
shading may be all controlled using one
of the dedicated app

The system gives you several ways to take control
of your smart home

(1) The system is compatible with many
peripherals;

(2) It also has a security control;

(3) It has a strong technical support services such
as email, live chat and telephone, user forum
and FAQs;

(4) The system is principally available online

(1) The use of the app helps the system to
stay simple, but also make remote access
using a PC or Mac impossible;

(2) It does not support home audio
functionality, as well as voice control or
home security monitoring features

(1) It does not support legacy HA protocols;
(2) It does not have a user manual;

(3) It is not compatible with home

theater systems;

(4) It does not support control technologies

like Insteon, KNX, UPB or X10

It is defined as universal architecture for
pervasive peer-to-peer network
connectivity of intelligent appliances,
devices and computers

(1) Universal means that no device drivers are
required, but only common protocols are used;
(2) It allows true plug-and-play compatibility with
all UPnP enabled devices

It could cause heavy network traffic. Every
device will communicate with any other
device on the network, and in such ways
slow the network down (depends on

the bandwidth)
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Product Name

Vera smarter home
control

Whirlpool Smart

appliances

Main Features

It offers smart home controllers with
good device and software compatibility

It is an app that allows to be connected to
all the appliances in the smart home

Itis a HA system constituted by all the
home appliances that can communicate
each other

(1) The system works with the most
common home control technologies;
(2) It has to be coupled with a

Hub system

Strengths

(1) The best feature is its support of remote access:
the MiOS software. It allows connecting the
system with any devices, which have a friendly
GUI helping the users to achieve maximum
control and energy efficiency;

(2) The support service works by email, telephone
and live chat

(1) It provides personal suggestions customized to
the users habits, lifestyle and schedule in order to
save energy and improve efficiency;

(2) Compatible with any other smart technology

It enables the user of having full control over the
smart appliances and can be set on pause when
the energy costs are high

(1) The system is compatible with many devices of

different brands;
(2) It is easy to use for connecting different devices

Taher Abedinzadeh

Weaknesses

(1) It is not compatible with home
theater systems;

(2) It also does not support voice
control technology

(1) It only works with Whirlpool appliances;
(2) It is closed sourced

The Hub Wi-Fi sometimes does not
work properly

7
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KNX Topology
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KNX Topology
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KNX Topology
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KNX installation requirements
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KNX installation requirements

RECOMMENDED BUS LINES

Cables typically used in Germany  Applicable constraints

YCYM2x2x08 Suitable for inside buildings

Test voltage: 4kV
(“KNX cable™)

J-Y(5t)Y 2x2x 0.8 Laid like YCYM, but note lower

Test voltage: 2.5kV test voltage in proximity to 230 V
nains

JHSt)H2x 2 x 0.8 Halogen-free cable, must ho-
wever be installed at a distance

from the existing 230 V instal-
lation

A-2Y(L)2Y or A-2YF(L)2Y Used outdoors (linking separate
buildings)
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KNX installation requirements
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KNX installation requirements

230V e.g. NYM

KNX TP

YCYM or J-Y(St) Y (2,5 kV) | —

Insulated single core 230 V adjacent
to the sheath of the bus cable

KN TP

_—

230V e.g. NYM
Insulated single core of the bus adjacent

to the sheathed mains cable

230V e.g. NYM

YCYM or J-Y(St) Y (2,5 kV) -

# == 4 mm clearance space

EKPDSUIE of two 5||'|g|e cores or additional insulation
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KNX installation requirements
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Components of SHT based KNX
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Components of SHT based KNX
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Components of SHT based KNX
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Components of SHT based KNX
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Exercise
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Exercise
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