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1

WHAT DO WE MEAN BY WEARABLE TECH?

For the purposes of this exercise, a wearable is taken to be either an article, a device or an item of
clothing which can be worn( or possibly be carried as an implant), has a degree of ‘intelligence’ built
into it. It can also potentially communicate with the Internet of Things (IoT), either directly or
indirectly – for example via a Bluetooth connection to a smart phone. Animals can also ‘wear’ devices
or carry implants which could in some cases be relevant to building management, for example in the
case of an assistance dog or guide dog.
Examples include smart watches, which can record various metrics of the wearer’s health and
behaviour, smart glasses that can provide real‐time visual imagery (with a possible practical
advantage of guiding the wearer through a building or work process). The concept also includes
smart clothing, which can provide heating, enhanced visibility or greater sensitivity, smart hearing
aids and even smart jewellery, which can, for example, issue alerts to the wearer.
The range and nature of wearable technology is almost unlimited since, with newer and more flexible
materials, almost any item that can be worn on the body could potentially be made both intelligent
and connected. The only real question is whether the person wearing the device can be convinced
that there is some value associated with it and whether this is sufficient incentive to overcome any
disadvantages and concerns about privacy issues. Needless to say, willingness to pay for it will be key
to the uptake of this product segment. Concerns regarding the sharing of personal data and the
associated privacy issues will also need to be addressed.
Wearables generally require less deliberate human interaction than do many other smart devices.
This is partly a question of practicality. For example, smart watches will be less suitable for keyboard
input, or for displaying any but the simplest information. They tend to have more specialist
applications and typically transmit their information to the web – which in many cases means the
cloud – where it can be processed and analysed.
At this early stage in the wearables revolution, the one safe prediction is that the form and function
of wearables will eventually become more varied and far reaching than we can currently imagine.
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2

INTRODUCTION

This white paper represents a distillation of a workshop for BSRIA’s Diamond Group, held in Frankfurt
on 14th March 2017 in connection with the ISH trade exhibition. It also incorporates input from the
BSRIA Members’ Council which took place on 8th February 2017 at BSRIA’s Bracknell HQ, and from
an earlier Diamond Group workshop held at the AHR trade show in Las Vegas on 31st January 2017.
Wearables are arguably just the latest in a series of major innovations in information technology
which have transformed the world in which we live and work over the past few decades.
Each wave, from the advent of the first mainframe computers over 60 years ago, to the development
of the personal computer, the world wide web and the advent of the smart tablet and smart phone,
has had consequences that go far beyond what was originally envisaged; in every case, the impact
has eventually found its way into buildings and building services.
Smart phones are increasingly used both as a user interface to building control systems (from a full
scale building automation system to a smart home) and as a means of tracking users’ movements
around a building. Some of this functionality at least can be transferred to smart wearables, most
obviously smart watches.
However, in order for the information provided by a smart wearable to be useful in a building context,
the building’s systems need to be sophisticated enough to make use of the information provided. For
example, if a smart watch identifies a particular wearer in a particular location, then the building needs
to be able to make some relevant response such as allowing or denying access, turning lighting on or
off, or possibly setting environmental conditions to match a personal preference. More specifically, the
Building Automation and Control System (BACS) or the HVAC controller has to be able to process data
from several wearables with different preferences / set points. The HVAC system also needs to react to
these preferences in real time and in a way that satisfies the preferences of all occupants found in that
particular section of the building. If this is not possible then the HVAC system will probably only be
able to take some kind of average of all of these individual preferences.
There are also human, social and legal questions. People need to have an incentive to wear the
relevant devices, which could take the form of some benefit to their health or their safety or some
other kind of advantage. Furthermore, in view of the very personal nature of at least some of the
information potentially provided, there are serious issues of privacy, consent and data protection,
which in turn raise potential ethical and legal issues.
There are also questions of cost‐effectiveness and practicality. As with other new and disruptive
technology, early examples tend to be relatively expensive or limited in functionality, but in time
there are likely to be economies of scale, leading to an eventual tipping point towards much more
widespread usage. There will also be issues of standards, openness and security of wearables, as with
other devices connected to the Internet of Things.
Whilst the main focus of the workshop was on building HVAC systems, the boundaries between what
an HVAC system is expected to achieve on the one hand and what goes on in the wider world on the
other have become increasingly blurred. For example, HVAC systems are increasingly seen as being
one means of achieving better levels of satisfaction, wellbeing and productivity on the part of the
building’s occupants, and there is a clear logical link between this and the kind of information on
health and wellbeing potentially available from wearables. HVAC is also increasingly interlinked with
other core building services, including lighting, security and fire detection.
The application to buildings and HVAC systems has therefore been interpreted in a fairly broad way.
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QUESTIONS ADDRESSED BY THE FOCUS GROUPS
The Diamond Group workshop focused on the following two questions:
1. What threats and opportunities result for the HVAC industry from increased use of wearables
and focus on wellbeing in buildings?
2. How will the trend towards wearables change the landscape of our industry?
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3

OPPORTUNITIES

The opportunities presented by wearables will have different levels of magnitude and also will often
be interrelated. For example, having access to better and richer sources of information is an
opportunity which can help an HVAC system to perform better. This in turn can improve employee
comfort, which in turn is likely to improve productivity, resulting in greater building occupant
satisfaction and in turn improved customer retention and profitability for the vendor or vendors of
the solution.

• Richer and more timely sources of data
• Improved HVAC Performance
• Improved employee comfort
• Improved productivity
• Improved customer profitability / employee retention
• Improved profits for supplier
In many cases, threats and opportunities will be interrelated. For example a threat of disruption to
the industry can help one industry player as much as it threatens another.

3.1

WEARABLES CAN PROVIDE NEW SOURCES OF RICHER INFORMATION

Many internet connected wearables can already provide basic information about the identity and the
location of the wearer.
This can be used to indicate the exact location of individuals within the building. If the HVAC system
is sufficiently flexible then factors such as temperature and air freshness can be adjusted to take
account of where people are in the building, and turn the heating, cooling or ventilation up or down.
A further caveat is that sensors already exist which can flag the presence of people, or even their
gender without requiring any wearables, so these alternatives can be considered when deciding
whether wearables provide sufficient added value.
A higher level of sophistication is reached when the wearer’s identity can be linked to personal
preferences. For example a particular person may have a preferred temperature or lighting level.
Some wearables may have an interface enabling the user to note or update their preferences or to
override them, for example requesting a change in temperature.
More far‐reaching, and certainly more controversially, some wearables can provide a wealth of
information about the physical activities and the physical state of the wearer, including heart rates,
amount of exercise, amount of sleep, state of tiredness or alertness, and consumption, for example,
of alcohol or of illicit substances. This raises the immediate question as to how far it is legal or ethical
to collect and make use of such information at all, and what caveats and restrictions might need to
be applied.
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3.2

RICH DATA CAN HELP MAKE HVAC AND OTHER SYSTEMS FUNCTION MORE
EFFECTIVELY

In principle, the information collected from wearables can be used to improve the performance of
the HVAC system in a number of ways, with the important proviso that the HVAC system is flexible,
granular and ‘intelligent’ enough to make use of the information.
3.2.1

GENERAL USES OF INFORMATION PROVIDED

The building system can use information provided by wearables to set the appropriate heating,
lighting and ventilation levels, based on the recorded preferences of individuals over time.
More detailed real‐time information provided by wearables could be used to make more timely
adjustments. For example, if a smart watch indicates that the wearer is tired, then the temperature,
lighting and ventilation in that person’s immediate vicinity could be automatically adjusted to make
her/him more alert and, in all probability, more productive. The HVAC system or the system
controlling it would, of course, need to be capable of responding in a sufficiently granular and timely
way to make this possible.
This should not just improve comfort, and hence productivity, but should also reduce the energy
outlay by ensuring that areas of the building are not over‐heated or over‐cooled, rather that they
reflect individual needs. This information can also be linked to ‘learning systems’ which collect
information about individuals and groups over a period of time and adjust the default settings
accordingly.
The data can also be used to help to ensure the safety and protection of staff; for example in a
warehouse or factory. Thus, if data from wearables confirms that a member of staff (perhaps for age
or health reasons) can no longer consistently fulfil targets or is making mistakes, then this may
provide a warning, and the employer can consider moving the employee to other tasks and thereby
avoid potential future health and safety issues. In this case there will clearly be potential legal, moral
and practical issues. For example, individuals judged ‘unfit’ may claim discrimination, and may also
try to evade the process by failing to use the wearables correctly or at all.
3.2.2

SPECIALISED OR NICHE USES OF INFORMATION PROVIDED

Wearables can also provide information of use in particular types of buildings including, most
obviously, those catering for assisted living. This applies whether the person being ‘assisted’ is in
their own home or in a special facility. Wearables can provide a lot of information about a person’s
health and, for example, indicate when an elderly person is feeling excessive cold or has some more
serious medical problem, or experiences an emergency such as a fall.
At the opposite end of the age spectrum, wearables could also help in monitoring special care baby
units so that the environment or carers can respond quickly to any distress.
Wearables could also fulfil a role in situations where there is a need for monitoring and a lesser
requirement for consent. In some countries, criminals with lesser grade convictions are already
‘tagged’ as an alternative to imprisonment. Wearables could be used to monitor the physical and,
potentially, the emotional states of people in prisons or psychiatric hospitals, helping to predict and
avert unrest or self‐harm.
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Wearables can also be of value to individuals fulfilling particular roles, for example:
-

-

3.3

Wearables can help manage and monitor access that maintenance technicians are given to
particular areas of a facility in order to carry out repairs and other activities.
Where service/maintenance technicians encounter an unfamiliar problem, a suitably
designed wearable could be used to guide them remotely. This is likely to be especially
helpful for less experienced technicians.
Cleaning staff can automatically activate and deactivate lighting, heating or other services as
they move around a building.
Where staff are working in remote, or inaccessible locations, wearables could help monitor
their location, safety and wellbeing.
A wearable could also be used to raise the alarm, often more quickly and more
surreptitiously than using, for example a mobile phone.
More contentiously, staff performing risky or sensitive tasks could potentially be checked for
alertness or for levels of alcohol or other substances.

IMPROVED HEALTH AND PRODUCTIVITY

Human health is well known to be linked to the environment within a building. This includes factors
such as temperature and levels of carbon dioxide and other pollutants. Data provided by wearables
can potentially indicate when these are having an impact on the wearer, measuring bodily signs for
tiredness, excessive perspiration etc.
Depending on the capabilities of the HVAC system, the temperature, ventilation rate, etc. can be
adjusted. Some studies have pointed to measurable improvements in productivity linked directly to
environmental improvements.1
If the wearer also perceives that their needs are being taken into account then this is likely to
enhance their sense of being respected and appreciated, a factor which comes close to the top of
many job satisfaction surveys.
3.4

A NEW REVENUE STREAM

It seems unlikely that many of the existing HVAC leaders will try to enter the wearables market with
their own products, as wearable technology does not sit very well with their core competencies. If
anything the converse is starting to happen, with some wearables manufacturers, such as Google,
already in the HVAC business, albeit mainly at the residential and light commercial end.
Nonetheless, wearables represent a potentially significant revenue stream, both for the
manufacturers of the wearables themselves and for companies that offer them on an OEM basis, or
develop software to analyse and take decisions based on the data provided. Manufacturers of HVAC
products which have been enhanced to respond to these new rich sources of information can also
expect a boost, as will consultancy companies who advise on how best to utilise information from
wearables to improve building performance and the experience of those working in the building.

1

For example, ‘Economic, Environmental and Health Implications of Enhanced Ventilation in Office Buildings’
published in November 2015 and based on research conducted by Harvard University and others, suggested that
improved air quality could result in an improvement in productivity of more than 10%.
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3.5

RAISING THE PROFILE OF HVAC

Up until now, in most buildings, the HVAC system has been seen as a ‘background’ feature, a
supporting act rather than the main show, which will attract attention only when it clearly goes
wrong. Building occupants will often only notice when the system breaks down altogether when, for
example, the temperature or the air quality falls outside fairly wide limits of tolerance. Similarly,
building managers are likely to query the system only when there are frequent breakdowns, regular
complaints, escalating costs, or changes to the laws and regulations that they need to comply with.
With wearables potentially providing building managers, and potentially building occupiers, with a
plethora of additional information, people are likely to pay more attention to HVAC. If the system is
seen to be more responsive and to improve comfort or energy usage then the effect is likely to be
positive. If, however, after deploying wearables and connecting them up there is no improvement,
then the initiative could backfire.
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4

THREATS AND BARRIERS

4.1

THE BALANCE OF COSTS AND BENEFITS

People need to have an incentive to wear and activate the wearable devices in question. In some
cases an employer or building occupier might simply mandate this as, for example, most commercial
buildings currently require everyone entering to carry a pass, often identifying the wearer
individually, and often with a smart electronic component. The same pass is often used for multiple
purposes including access to printers and the purchase of refreshments.
Where potentially sensitive information is being provided, for example about the wearer’s physical
state, there may be a reluctance to agree to this and indeed in many countries this could become a
subject of a legal challenge.
The most obvious response to this challenge is to offer the wearer some kind of personal incentive.
For example, many people already buy and wear smart watches because of the perceived benefits to
their health. Offering ‘free’ use of such a wearable provided it is worn and active during the working
day could in itself encourage uptake.
If the wearable helps to bring about a more comfortable working environment then this is also likely
to be seen as a benefit to the wearer. As with mobile devices, a wearable that is seen as stylish or
fashionable is also likely to be worn more willingly.
In some countries, such as the USA, where private healthcare is often provided by the employer,
enhanced healthcare insurance for those agreeing to use wearables that promote fitness could
provide an added incentive.
Having clear and agreed rules as to how the information is to be used is also likely to increase
acceptance. For example, most employees may consider it reasonable for the building system to
collect information about whether an employee or visitor is tired, or even under the influence of
alcohol or drugs during the working day, but will be much less happy about such information being
available when it relates to their leisure time.

4.2

CULTURAL FACTORS AND GENERAL RESISTANCE TO CHANGE

Different national cultures are likely to have different attitudes to the use of wearables and to
perceive different costs and benefits. In general, those under 30 have grown up in an age where the
sharing of information on the web, for example via mobile apps and social media, is seen as normal
and often non‐controversial. This cohort may be relatively relaxed about sharing information but
correspondingly averse to attempts to modify their behaviour. Conversely this generation tends to
enjoy less job security than older generations and so may be more willing to comply when it comes
to following company rules or norms including those relating to wearables.
Middle aged workers, for example those in their 40s or 50s, are likely to be more conscious of
potential health problems, and so may be particularly receptive to wearables such as smart watches
which can help them to monitor and improve their health.
The elderly, particularly those aged over 80 (who make up the fastest growing segment of the
population in many developed countries), may show less understanding of wearables and be less
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interested in adapting, but can benefit from the potential of wearables to identify when they need
help. For example a smart watch or similar wearable could monitor the wearer’s temperature and
heart rate and raise an alarm if these deviated from acceptable norms. This is particularly true at a
time when funding for human carers is likely to become scarcer.

4.3

WEARABLES COULD PROVIDE A PATH FOR NEW COMPETITORS TO ENTER
THE HVAC INDUSTRY

At every stage in the evolution of modern information technology, a major advance has been
presented opportunities for new champions to emerge:
-

In the 1950s and 1960s the mainframe computer ushered in an era of dominance for
companies led by IBM
The 1970s personal computer revolution passed the dominance to software companies such
as Microsoft
The first mobile phone revolution was led by companies such as Nokia
The Internet revolution of the 1990s launched Google as a global corporation
The e‐commerce revolution saw the emergence of companies like Amazon as major global
players
The smartphone and tablet revolution has so far been dominated by corporations such as
Apple, Google and Samsung

In this context it is significant that Google, Amazon, Apple and Samsung have all launched products
aimed at the Smart Home market, but potentially applicable to other buildings, and that that these
are also among the leaders in the wearables field. As and when wearables become more prevalent
this could allow them to reinforce their position. It could also of course provide an opportunity for
other new ‘disruptive’ companies to enter the market.
Even if they are successful, these companies will not necessarily displace existing HVAC and building
controls suppliers, but they could change the balance of dominance in the industry.
4.4

DATA PRIVACY AND REGULATION

Some of the information collected may be highly sensitive. As with other types of data, even
individual elements which may be fairly innocuous in themselves can have the potential to be
aggregated to paint a much more detailed and intrusive picture of an individual’s lifestyle.
There will need to be rules that are enforced relating to what information can be collected, what it
can be used for and how long it can be kept. For example, it would probably not be acceptable for
data about a person’s physical state which is used to optimise the HVAC system then to be made
available to the HR department for routine performance evaluation purposes.
There will also be concerns that the information could be used to discriminate against an individual.
Should someone be disadvantaged because their wearables collect evidence of an ‘unhealthy
lifestyle’ where they are otherwise fulfilling their responsibilities? There may, however, be
exceptions to this for example where a person’s physical state represents a serious health or security
risk to others, for example if they are driving or if they work with dangerous tools.
The whole system needs to be able to manage how the information collected from wearables is
stored and processed, and to make sure that it is only made available for appropriate purposes. For
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example, where data is collected to improve the performance of an HVAC system, it may not be
appropriate to use it for HR purposes, except perhaps in special circumstances.
This is likely to lead to demands for standards and, potentially, for legislation regarding how far
building managers and employers can insist on wearables, what information they are permitted to
collect, how it can be stored and for how long, and what uses it can be put to.
Perhaps surprisingly, the Diamond Group workshop held in Frankfurt appeared to show a slightly
lower level of concern regarding privacy issues than the workshop held in Las Vegas in January which
covered a similar theme. One should however be cautious about drawing too many conclusions
about this. While both workshops were made up of industry leaders, these are not necessarily
representative of wider public opinion, and in any case, both workshops included representatives
from several countries and continents.
Perhaps the safest conclusion is that there is likely to be a prolonged and evolving debate on the
subject.

4.5

DATA AND CYBER SECURITY AND MISUSE

Wearables connected to a network which transmit information raise two kinds of security issues. The
first is common to all devices on the Internet of Things. If they are not adequately protected then
they can potentially be hacked into, resulting, for example, in denial of service attacks (DOS) – which
occur when large numbers of IoT devices are ‘hijacked’ and used to overwhelm targeted websites
with spurious queries until the website ceases to function effectively. A number of major DOS attacks
have already caused serious disruption. Other attacks can destroy or steal or render inaccessible
valuable or sensitive content.
The second kind of security issue arises where the information held and transmitted is personal and
there is clearly a risk of this falling into the wrong hands. For example, a wearable used by a person in
the public eye may include information about their health or lifestyle that could damage them if it
were to become publically known.
Both wearable devices and the building systems to which they are connected need to be protected
by suitable levels of cyber‐security. This is a complex and potentially expensive undertaking.
There is also the potential for wearers to try to play or trick the system, for example by swapping
wearables. Measures may be needed to identify or prevent these instances, for example by linking
the wearable to actual biometric attributes that cannot be changed.

4.6

POSSIBLE LOSS OF EXISTING REVENUE

To the extent that wearables may take the place of traditional sensors, this could result in some
reduction in the revenue gained from these, and mean that manufacturers need to look for other
sources of revenue. To set this in context, BSRIA research indicated that in 2016, sensors accounted
for over US$ 240 million of product sales in the US building automation market alone, some 12% of
all building automation products sold in that market. This represents a significant revenue stream
that is potentially at risk.
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Globally, the building sensor market was worth almost US $790 million in 2016, out of a total building
automation market of US$ 6.8 billion.
Different controls manufacturers will be affected to different degrees. BSRIA research also shows
that one of the leading global building automation suppliers drew over 16% of its product revenue
from sensors, whereas for another the corresponding figure was under 2%.

4.7

HVAC SYSTEMS UNABLE TO UTILISE ADDITIONAL INFORMATION
EFFECTIVELY

As with any other area of data and analytics, the use of information collected from wearables will be
of limited value unless the HVAC system, and potentially other building systems, can respond in an
appropriate way.
For example, if wearables convey information about which occupants are too hot or too cold, or
appear to be in need of more fresh air, the system needs to be able to adjust the temperature and
ventilation individually for each user. This ‘granularity’ implies a large number of individual
adjustable heating, cooling and ventilation points across a building, perhaps similar to systems
already found in passenger planes and in up‐market cars, where individual passengers can choose
their own microclimate. In principle, wearables could help to take these decisions on the wearer’s
behalf.
On the other hand, if the HVAC system can only modify conditions across a wider area, such as by
room or by floor, then the best it will be able to achieve will be some kind of average setting which is
deemed to be most acceptable to most people.
A related question will be “How fast can the HVAC respond and make changes to the conditions?”
This requires not just that the system can make quick changes to temperature, ventilation etc., but
also that it is sufficiently robust to cope with frequent changes to settings.
Other smart technology can help with this. For example, if a building system can detect an
employee’s smart phone or wearable when that employee is close to the building, it can start to
make adjustments in advance.
If the HVAC system is unable to respond effectively, then this may well increase pressure to replace
the HVAC system, and if the HVAC system is ‘blamed’ then there is arguably more risk that the client
may switch to a competitor product.

4.8

RECONCILING COST AND BENEFIT TO PROVIDE A CONVINCING ROI

If a building is built speculatively for sale or letting, then the developer will only have an incentive to
invest in smart technology, including systems which can interact with wearables, where there is
already proven demand. This proven demand is likely to take time to establish itself.
This is likely to mean that the early adopters of wearables‐enabled buildings are likely to be
organisations that either owns the buildings they are using, or have a long‐term interest in them.
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The wearables revolution will depend in part on the ability to mass produce wearable technology
that is both cheap and reliable. Apart from the cost of buying and maintaining the wearables there
will need to be other expenditures.
Communications systems will need to be able to receive data from wearables at any location in the
building. There will need to be a data management and data analytics systems capable of turning the
information provided into appropriate action, while maintaining the necessary level of data security.
The HVAC system may need to be upgraded in order to be able to adjust the temperature,
ventilation, etc. based on the information provided by the wearables. All of this is likely to represent
a significant outlay.
As in other areas of investment there will be a tangible measurable investment cost, which will need
to be balanced against benefits which will often be harder to measure. If use of wearables results in
improvements to employee health, with a reduction in sick leave, and an improvement in staff
retention, what value does one attribute to this? These kinds of questions require convincing
answers if CEOs and CFOs are to be persuaded to make the necessary investment.
As the linkage of wearables to building systems becomes more widespread, the costs of materials
and implementation is likely to fall, resulting in the familiar pattern of a ‘tipping point.’
Issues will also arise when a building changes hands or is rented by a different organisation, or
otherwise changes the way in which it is used. The wearables will need to be transferred to the new
occupants or alternatively replaced by new ones that are compatible with the building’s systems.
Everyone involved, from regular staff to facilities management personnel will also need to be given
appropriate training.
This is likely to involve a significant bedding‐in period as part of the transition. As a precaution, it is
likely to be helpful if there is a default system in place which can operate with sensors and without
the need for wearables. This is likely to add further cost.
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5

HOW WILL WEARABLES CHANGE THE LANDSCAPE OF OUR
INDUSTRY?

5.1

THE GENERAL DISRUPTIVE ASPECT

As argued above, to the extent that wearables impact on the HVAC and building controls industry
they are likely to prove disruptive, in helping companies either to enter the market or to become
much more prominent. This could include companies like Google, Apple and Amazon who only
recently started to offer products to aid in the management of buildings, or potentially new
suppliers.
It is also quite likely that some of the applications for wearables within buildings have not even been
thought of yet.

5.2

FURTHER SHIFT FROM HARDWARE TO SOFTWARE

For many years now, BSRIA has noted that there has been a long term trend for HVAC and building
controls hardware to become more commoditised, with software and services growing faster, to the
extent that a smart building is increasingly driven by information and analytics, and also the activity
needed to make use of these analytics.
Wearables are likely to fuel a vast increase in the volume and variety of the data that is potentially
available to building systems. The ability to process and analyse this information, and to generate
‘actions’ in response will be paramount.
A key factor here will be the ability of the system not just to follow prescribed rules, but to learn. For
example if data is collected on an individual’s state over a period of time, taking into account such
factors as the time of day, then it should be possible to make predictions about that person’s state,
behaviour and preferences in future, predictions which will become more accurate over time.
This implies that those providing HVAC systems, whether they are manufacturers, partners or
installers, will focus increasingly on the software and analytics as a key element in the value
proposition.
This could provide opportunities for companies that are already strong in general analytics (such as
Microsoft, Oracle, SAS or SAP), or provide new opportunities for companies that already focus on
building analytics but in areas like building energy management, where there are already a wide
range of analytical applications.

5.3

THE LEGISLATIVE ASPECT

The highly sensitive nature of the data that wearables can collect and the potential ways it could be
used by building managers, employers or by hackers means that there will almost certainly be
pressure for codes of practice and for legislation to limit and control the collection, storage and use
of information.
In Western Europe generally there have been high levels of concern about data privacy. Germany
and Switzerland already have a strongly entrenched culture of data protection. In Germany this has
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helped to obstruct the roll‐out of residential smart meters where the data concerned is far less
sensitive than that potentially linked to wearables.
This legislation may well limit building managers’ and employers’ rights to collect and use such data
and in particular may make it harder for them to insist that those working in the building or
otherwise using it actually wear the relevant devices.
It is also likely that penalties will be imposed for misuse or from failure to take reasonable steps to
protect the information. All this will impose a further level of cost and risk on building owners and
building managers who choose to implement systems which make use of wearables.

5.4

ADMINISTRATION, TRAINING AND EDUCATION REQUIREMENTS

The range of skills required to implement, manage and support building services has become steadily
more diverse in recent years. Disciplines such as wireless communications, IT, data analytics and
cyber‐security are becoming increasingly mainstream requirements for building support staff.
The advent of wearables will further increase the diversity and complexity of the operations required
to support a building’s systems.
For example, the wearables will need to be configured, distributed, supported and potentially
patched (for software updates). There will also be practical issues, as when, for example, a person
already has their own smart watch, and may not wish to use two. A similar issue may arise for non‐
employees entering the building. This, combined with challenge such as data protection and cyber
security, may create quite an administrative headache which building managers need to be trained
to be capable of handling. While ‘intelligent’ building systems can provide support, there will still
need to be an element of human intelligence and experience to support it all.

5.5

OPENNESS AND STANDARDS

The need for open standards was one of the strongest themes expressed both at the Frankfurt
workshop and at the earlier Las Vegas one. As with other aspects of the Internet of Things, for
wearables to be fully utilisable in connection with building systems and other networked systems
there will need to be agreed standards and, as far as possible, open protocols. This will apply
particularly given that people will most likely not be willing to switch wearables as they move
between buildings. A person will, for example, expect his/her smart watch to interact with his/her
home system, normal office and possibly with other buildings that he/she goes into. This could be
somewhat analogous to the decisions that social media users already take about what information to
share with whom and with what restrictions.
Building systems will also need to be able to pick up the appropriate level of information and handle
it accordingly. For example a person may be happy for his/her home system to access the wearer’s
biological state, and may reluctantly share some of this with his/her workspace, but would not want
this to be accessible in other buildings. All of this will require standards and controls that are
potentially fairly complex.
Standards are key here. These will include the physical protocols by which wearables communicate
with other devices, such as Bluetooth, and also the metadata which indicates the meaning of the
data elements being transmitted.
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As elsewhere, manufacturers will frequently have an incentive to implement ‘closed’ standards in
order to preserve their own commercial advantage. For example a smart watch may possibly only
communicate with some major brands of smart phone. This needs to be combatted, either by
commercial pressure or potentially by legislation.
There are already a number of major initiatives to promote open standards for the IoT. Thus far,
wearables play only play a minor role, but this can be expected to change as they become more
common.
An overview of some of the leading and emerging IoT standards can be found in Appendix A.

5.6

A FURTHER SHIFT FROM BRANDED PRODUCTS TO MULTI-VENDOR
SOLUTIONS

The wearables revolution will depend heavily on open standards. Different vendors are likely to be
strong in the respective areas of wearables, HVAC hardware, software and communications. This is
likely to accelerate the movement away from the complete, closed proprietary building systems that
have been common, either as fact or as an aspiration for vendors to aim for. These could
increasingly be replaced by ecosystems where products and services from multiple vendors operate
together.
The Internet of Things, in which buildings are connected to a myriad of devices both internally and
externally, is already forcing most vendors to communicate with products and systems supplied by
others, and wearables ‐ together with the services linked to wearables ‐ are likely to become yet
another factor in driving this change forward.
The single brand is likely to lose ground in favour of the concept of a group of trusted brands.
Competition is likely to become less about being the exclusive provider of complete systems, and
more about having the dominant technology in a system and the highest share of revenues and
profits.

5.7

WORKING WEARABLES INTO THE BUILDING DESIGN AND LIFECYCLE

As with other building technology and services, wearables will work best, and be most cost‐effective,
if they form part of the building’s design from the earliest stage. For example, wearables may change
the priorities regarding the arrangement of space within the building, and encourage the
implementation of HVAC systems, building controls and other building services which can make full
use of the wearables. There is also potential for many specific uses of wearables. For example, large
and prominent personalised displays could follow individuals as they move around the building. An
instance would be where a visitor arrives at a building and is provided with appropriate information
at each stage as he or she moves around. There is of course scope for more visionary uses. For
example, appropriate pictures or colour schemes could be displayed as the most appropriate
responses to people’s moods, to energise them or perhaps to calm them. The possibilities here are
almost unlimited.
Architects, designers and project managers at every stage will need to understand these issues and
ensure that they are considered as part of the end‐to‐end design process.
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5.8

AMARA’S LAW AND THE PARADOX OF TIME

Amara’s Law2 advises us that ‘We tend to overestimate the effect of a technology in the short run
and underestimate the effect in the long run.’
The balance of forces suggests that this is quite likely to be true of wearables. Wearables are still in
their early stages, and may actually have stalled. A report by IDC in October 2016 suggested that
sales of smart watches were actually lower than in the previous year.
For wearables to have a major impact, HVAC systems need to be developed which are not only
capable of utilising the information potentially available from wearables, but can do so in a way that
offers an attractive return on investment.
People working in buildings need to be reassured that the benefits offered will outweigh possible
concerns about sharing so much potentially very personal information. Experience both from
smartphones and from social media suggests that many people are actually rather more relaxed in
practice about sharing information about their location and their personal profile in practice than
they are in theory. This relative insouciance is likely to increase over time, which again suggests that
the time for full usage of wearable will come, but not yet.
Systems need to be developed to protect the information both from inappropriate use by employees
and building owners, but also from cyber criminals.
A regulatory and legal framework needs to be developed which provides appropriate protection for
all parties, be they the wearers, their employers, the building managers, etc.

2

‘Law’ named after Roy Charles Amara (1925- 2007) , American researcher, scientist, futurist and president of
the Institute for the Future
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6

SUMMARY

There is no doubt that wearable technology has the potential to have a big impact on the way that
buildings interact with the people in them, leading to improvements in comfort, productivity,
security and energy efficiency. A lot of this can be achieved using technology that is already available,
such as the current generation of smart watches, and technical advances can be expected to be
rapid. However, building systems will need to become more subtle, more responsive and more
granular to make adjustments based on what wearables ‘tell’ them. All of this carries costs, but these
costs can be expected to fall as the solutions become more widely deployed.
The biggest single barrier is that a lot of the most useful information is highly sensitive and indeed
intimate, including detailed data about the wearer’s health and lifestyle. There is likely to be real
concern about how much of this information can be shared with an employer or with the building’s
manager with the potential for conflicts or possible discrimination cases, and appropriate legal and
regulatory safeguards will need to be in place.
Like all data on devices linked to the web, there is the potential for unauthorised access (for example,
through hacking) which could raise concerns given the highly sensitive nature of some of the
information. The large number of wearables (potentially several per person) and their constantly
changing locations will make all of this harder to police.
Nevertheless, recent experience with other innovative IT technologies suggests that these concerns
are likely to delay rather than block the uptake, and use of wearables will eventually be wider and
more diverse than is currently imagined.
The wearables revolution is likely to disrupt the current HVAC and building controls models, throwing
up challenges to existing major suppliers and offering opportunities both to new suppliers and to
existing ones that can innovate. Because full exploitation of wearables depends on open standards,
or at least more open ones, it will be harder for vendors to ‘lock in’ clients or offer complete closed
systems.
Because so much of the impact of wearables rests on the vast array of data that they can make
available, the emphasis is likely to shift further from the hardware itself to the capabilities of the
software to analyse the data and make recommendations, or even take decisions based on this.
Wearables are here to stay, and are likely to be worn by many of us in our place of work quite soon.
The consequences for building users, employers, building owners and for the whole HVAC and
building services industry are likely to be far‐reaching and profound.
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APPENDIX A – SOME LEADING STANDARDS FOR THE IOT
Standard

Description

Main area of
Focus

Key Sponsors

Project
Haystack

Focuses on
developing semantic
modelling solutions
for data related to
smart devices
including building
equipment

Building systems Siemens,
Lynx‐spring,
Sky‐foundry

Geography

Website

Based in
the USA.
Some
use in
Europe

project‐haystack.org/

Smart Cities
and the
internet of
Things

IBM, Cisco,
Fujitsu and
Accenture

UK based but www.hypercat.io
with support
of
multinational
s

Vorto

Promoting
Solutions to the
open source
problems of
software
industry‐specific
implementations
that provide
individual
abstraction layers for
groups of devices

IBM, SAP,
Oracle, CA
Group and
Bosch.

Main driver is www.eclipse.org/vorto
Bosch, but
with global
backers

The LoRa
Alliance

Low power
Low power wide
networking
area networking
based on a
specification
intended for wireless
battery operated
devices

IBM, Cisco

Global

www.lora‐alliance.org

The Allseen
Alliance

An open source
project focusing on
the IoT Alljoin
framework

Global

allseenalliance.org

The Open
Connectivity
Foundation

Global
All aspects of the Cisco,
Aims to help unify
Electrolux, GE,
IoT e.g. silicon,
IoT standards to
Intel, Microsoft,
promote IoT solutions software,
Qualcom,

IoTivity

device‐to‐device
an open source
connectivity
software
framework to address
the emerging needs
of the Internet of
Things.

The Hypercat This is a hypermedia
Consortium catalogue format
designed for
exposing information
about IoT assets over
the web

Interoperability Canon, LG,
based on an
Microsoft,
open framework Philips, Sharp,
Sony

Intel and
Samsung
appear to be
the main
drivers.

Global

openconnectivity.org

www.iotivity.org
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Engineering services: Test, compliance and consultancy support services for clients,
designers, constructors, manufacturers and facilities managers
Instrument solutions: Hire, sales and calibration of instruments
Market intelligence: Off the shelf reports, bespoke studies and management consultancy
for global markets
Information and membership: Bookshop, library, training, networks and events
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