Smart Building Technologies

Hello everyone, welcome to class. Today, we're covering Smart Building Technologies.
So 'What makes a building smart?' Well, it's about using advanced materials and
technologies to make buildings safer, more comfortable, and more energy-efficient.

Remember the Institut du Monde Arabe in Paris? That building is a great example of
smart technology in action. We covered much about the facade and how it adjusts to
the sunlight. They open and close like camera shutters, controlling how much light
and heat enter the building.

Today we will look at how buildings are becoming smarter




Use Cases and Best Practices Implementation

1. Digital Twin for Future Workplaces: Microsoft in collaboration with Bentley
Systems and Schneider Electric rolled out a digital twin of its new regional
headquarters at Frasers Tower in Singapore in March 2020. The sensor network
collected data from 179 Bluetooth beacons in meeting rooms and 900 sensors for
lighting, air quality and temperature by Schneider Electric. The platform generates
nearly 2,100 data points that are connected to the cloud on Microsoft Azure, enabling
the holistic management of the environment.

2. Post-COVID-19 Applications: A UAE-based start-up company, Meta Touch has
developed a touch-less gesture recognition technology known as touch-less Keypad.
In June 2020, Abu Dhabi International Airport deployed this solution in 53 elevators.
Other measures to contain COVID-19 include thermal imaging, facial recognition
and motion sensors to track movement of people.

3. IAQ-based Ventilation: Air quality monitoring company, Airthinx and facilities
management company Gilbane partnered to provide air quality solution to one of its
clients. Airthinx sensors installed in office buildings monitor CO2, VOCs, CH20, and
particulate matter that affects employee productivity. Gilbane recommended an
increase in airflow in areas where the particulate matter spikes were found.

4. 1AQ-based Ventilation: An international architect-engineering firm with office
space of 50,000 square foot headquartered in the New York city is pursuing WELL
platinum standard certification prioritizing health and well-being of employees. IAQ-
based ventilation control provider, Aircuity collaborated with the occupants, project
engineers, and sustainability consultants to pioneer a ventilation strategy that
provided 9 WELL points and attained platinum certification. The solution included a
multi-parameter demand control ventilation sequence that is integrated with the
building management system to control ventilation not only based on COz, but also
VOCs and particulate matter.
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Source: CABA Intelligent Buildings and COVID-19 Report 2021

Now let look a few real-world examples to see how all this smart building tech in
action. We've got four case studies here that show us different angles of what smart
buildings can do.

1.First up is Microsoft, who teamed up with Bentley Systems and Schneider Electric to
create a digital twin of their regional HQ in Singapore. What's a digital twin, you ask?
It's like a virtual replica of the building that helps manage it better. They used sensors
all over the place, even Bluetooth beacons in meeting rooms. All these sensors feed
data to the cloud, making it easier to manage lighting, air quality, and temperature.
So, imagine you're sitting in a room, and the building 'knows' how to make you
comfortable.

2.Now, let's talk about how smart tech is helping with health and safety, post-COVID-
19 . A company in the UAE called Meta Touch came up with a touch-less keypad. Abu
Dhabi Airport put this in 53 elevators. This tech is useful for keeping things clean and
limiting the spread of germs. Plus, they've got thermal imaging and facial recognition
to track people's movements.

3.We will talk more aobut indoor air quality in future lecture. Smart buildings can
have a very positive impact on air quality. Airthinx and Gilbane teamed up to monitor
stuff like CO2 levels and even tiny particles in the air that can affect how well you
work. If the sensors notice something's off, they can adjust the airflow.




4. Last but not least, we have an architect-engineering firm in New York City aiming
for top-level health and wellness standards. They worked with Aircuity to create a
ventilation strategy that not only keeps the air fresh but also helped them earn a
platinum certification for building health
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Now , let's take a look at this diagram here. It's showing us how a smart building can
be super connected, not just inside but also with the world outside.

First, the building is embedded with occupancy sensors! They're like the building's
eyes and ears, picking up on how many people are in a room, or how often a space is
used. All that info goes into what's called a Building Automated System. Think of it
like the building's brain—it takes all that data and makes decisions, like turning off
lights in empty rooms or bumping up the air conditioning when it gets crowded.

But wait, there's more! See that connection to the smart meter? That's the building
talking to the power company. The utility can send over info like energy prices, and
the building can adjust its energy use to save money. It's like your building is a smart
shopper, always looking for the best deals!

Now, here's were it gets really interesting. The building can also send info back to the
utility company. Why? Well, the more the utility knows about how and when energy
is being used, the better they can manage the whole power grid. So, in a way, your
smart building is not just looking out for you; it's also helping the whole community
be more energy-efficient.

So, you see, it's a full circle of smartness! Energy gets used wisely, money gets saved,




and the footprint is reduced.



Buildings produce, store,
and consume sustainable
energy in a “Microgrid”

Grid supplies energy
during solar production
‘\ downtime and surge events

Excess energy Is returned to the grid

Alright, now take a look at the same building, but instead we look at it from a energy
efficeny point of view. Here we have solar panels and batteries. Let's break it down.

Adding solar panels means the building isn't just a consumer of energy; it's also a
producer. On sunny days, the building can generate its own electricity. And what
about when the sun's not shining? That's where the batteries come in. They store any
extra energy produced so it can be used later.

Now, remember the smart meter and the grid? With these additions, the building
isn't just adjusting its energy use; it can also feed energy back into the grid.




What's a Smart City?

A city-wide network of sensors provides real-time valuable information on the flow of citizens,
noise and other forms of environmental pollution, as well as traffic and weather conditions

Smart Parking Smart Bus Stops
« Connected to WiFi network [ « Display real time bus times,
« Online parking spot searching | tourist info & digital ads

& payment via smartphone apps € « Charging sockets for devices

* Free WiFi hotspot

by 2020

Smart Street Lights
Beyond energy efficient
lighting, streetlights have
sensors that

* Monitor air quality

+ Provide WiFi hotspot

Even Garbage Bins
are Connected

* WiFi connected bins monitor trash levels
+ Optimize routes for garbage collection
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Learns what you like.

Just turn it up and down. It learns the temperatures you like
and creates a schedule for you.

COOLING

75

So, let's bring it back home for a moment. How many of you have seen one of these?
Yep, it's a Google Nest Thermostat, and it's a great example of smart tech that many
of us might already have in our homes.

First, this isn't just a dial on your wall that controls the temperature. it's way smarter
than that! You see, it's connected to the Google Cloud. What does that mean? Well,
all your preferences, like what temperature you like when you wake up or when
you're away, are stored in the cloud.

Now, here's where it gets really interesting. Google uses machine learning or Al to
make this device even smarter. So let's say you usually turn up the heat around 6 PM
when you get home. The Nest starts to learn this pattern. After a while, it'll start
warming up the house just before you arrive. And because it's connected to the
cloud, you can even control it from your phone. Imagine turning up the heat while
you're still on your way home.




Going back to the Nexushaus | we used smart systems to control the humidity and
temperature of the interiors. Here is a short video showing the systems.
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Alright, so we've talked about a lot of cool gadgets and smart systems, but let's zoom
out a bit and look at the big picture. When it comes to advancements in architecture
and tech, there's a sort of evolution that happens. It goes like this: first, we have
something that's 'demonstrative,' then it becomes 'performative,' and finally, it ends
up being 'normative.' W Let's break it down.

1.Demonstrative: This is like the 'show and tell' stage. We're proving that something
is possible, but it's not widespread yet. It's like a science fair project, showing off
what could be. This is where Univeristies come in.

2.Performative: At this stage, the tech is not just for show; it's actually doing
something useful. Take the Nexushaus, for instance. Back in 2010, it was a big deal
because it was more than just a concept; it was a working model of a sustainable,
smart home.

3.Normative: This is when the tech becomes so common, it's almost expected. Like
smart thermostats today. They were a novelty not too long ago, but now they're
becoming the norm.

So you see, once we show off what's possible, like with the Nexushaus, it opens the
door for more practical, everyday tools, like the Google Nest Thermostat. And before
you know it, what was once a 'wow, that's cool!' becomes a 'yeah, everyone has one’
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So now lets look at some tech out there, we can call them smart materials for our
next projects.
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Smart
Materials

* Smart materials are

transformative

* The transformation may be

within the material itself, as
in one of its properties or its
physical state (Type 1)
The material could be the
vehicle to transform other

things, such as energy forms
or the surrounding

environment. (Type 2)

Traditional materials

Fixed reponses to external stimul (material properties remain constant

High-performance under nomal conditions)

materials

Smart materials
Type 1 - Property-changin

P er-chenghg Type 1 - Intrinsic response variation of material 1o specific intenal or extemal stmuli
Smart materials Type 2- Responses can be computationaly controlled or enhanced

Type 2 - Energy exchanging
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Type 1—-
Smart
materials

Property Changing Materials

Now let’s looks at Type 1 materials example, these are ones that change properties.
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Photochromic ‘Smart’
Glass

9AM 11AM 1PM 4PM 8PM

Heat or
White Light

Alright, let's dive into a real-world example of a Type 1 smart material: Photochromic
'Smart' Glass. Take a look at this diagram here, showing how these windows can
change color based on the time of day.

So, how does it work? Well, it's all thanks to some nifty chemistry. When the glass is
exposed to light, a chemical reaction takes place that changes its color.

Now, check out this chemistry diagram. It shows the phase changes in the glass. Don't
worry, you don't need to be a chemist to get it. All you need to know is that the glass
transforms when light hits it. This isn't just for show; it's super practical. Imagine your
windows automatically tinting when the sun's out, keeping your home cool without
you having to lift a finger.

So, this Photochromic glass is more than just a cool trick; it's a perfect example of
how smart materials can change themselves to make our lives better.
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Museum of Modern Art — Munich
Design concept

Architects: Kuhn & Kuhn

Submitted Deisgn Plan for MOMA —
Munich

Photochromic glazing on the building
envelope

Technology is unsound for this large scale

Plan rejected
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So, it's a lesson and a challenge for us all. How do we take these amazing materials
and technologies from the drawing board to the real world, without breaking the
bank or compromising durability?
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Type 2 - Smart
Materials

Energy Exchanging Materials

Now let’s talk about a type 2 smart material, energy exchanging material.
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Anode

Epoxy lens/case
Wire bond
Reflective cavity

Semiconductor die

Anvil

Leadft
Post } cadframe

Flat spot

Cathode

Light-Emitting
Diode (LED)

* Injection
electroluminescence
* Long replacement life

* Low power
consumption

* Versatile
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Piezoelectric Materials

Are able to generate electricity when deformed by mechanical stress
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Now lets talk about Piezoelectric Materials. Now, don't let that long name scare you
off; it's just a fancy term for materials that can turn mechanical stress into electricity.
Imagine you step on a floor tile and it generates electricity. No, it's not magic; it's
piezoelectricity! These materials are super sensitive to changes in shape, like being
squeezed or stretched. When that happens, they generate an electric charge.

Here's a simple way to think about it: let's say you have a sponge that's full of water.
If you press down on the sponge, water comes out, right? Well, piezoelectric
materials work the same way, but instead of water, they release electric charge when
you apply pressure.

So, why is this so awesome? Well, think about all the places where mechanical stress
happens: footsteps on a floor, cars driving over a road, even the vibrations from a
building. All of that could be turned into useful energy, powering everything from
lights to sensors.

In a way, piezoelectric materials give us a new lens to look at the world. They make us
see not just structures but also potential sources of energy.
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Piezoelectric polymers

* Piezoelectric polymers (PEP)
can generate electric charges
when mechanical loads or
deformations are applied to it.

* By working on the Nanoscale,
natural vibrations is enough
pressure to generate current

This tech is still in in the demonstrative mode, will be interesting to see how they are

integrated into future buildings.
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Enocean Alliance
Wireless Switches

Phase Change
Materials o o

* “No Wires, No Batteries, No
Limits”

* These materials are able to store energy
in the form of heat and cold (negative
heat) as latent energy.

* Mostly used as temperature-regulating

media
heat stored

latent heat storage  managed temperature.

medium liquefies remains constant

temperature rises.

heat released
managed temperature
t

ambient latent heat storage
temperature falls  medium solidifies remains constant
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Fraunhofer Institute for
Solar Energy

* Phase Change Slurries consist of a phase
change material and a liquid.

* The mixture is a dispersion which remains
fluid, regardless of the physical state of the
phase change material.

* The viscosity depends on the concentration of
the dispersed PCM.

Alright, let's dive into another category of smart materials that's making waves in the
building industry—Phase Change Materials, or PCMs for short. These are special
substances like paraffins or salt hydrates that can change from solid to liquid at
specific temperatures. Sounds simple, right? But here's where it gets interesting.

These PCMs are not your average materials; they're engineered to switch phases at
just the right temperatures, making them super useful in buildings. For instance, they
can act as a heat storage body. You pump energy into them, and then you can use
that stored heat later when you need it.

Now, think about insulation. PCMs can be added to walls, and just a thin layer—like 1
to 6 cm—can provide the same thermal benefits as a 20 cm thick concrete ceiling!
That's a game-changer, especially for buildings where you want to keep things light
but still need good insulation.

But wait, there's more! Let's talk about Phase Change Slurries. This is a mix of PCM
and a liquid, staying fluid no matter the state of the PCM. Imagine the potential here;
you could pump this slurry through a building to move heat around, kind of like a
super-smart, energy-efficient radiator.
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Senior citizens’ apartments with a latent heat-storing glass facade | Domat/Ems,
Switzerland (2004)

Now lets talk about a building that is using these materials in the fagade. This Senior
citizens’ apartments, or retirement home, has a latent heat-storing glass facade
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Used Glass that Incorporates PCM

Installed on South Facade

Triple insulation glazing unit

PCM Panel on the inside

Light-directing prism panel outside

-Blocks Summer Sun

-Allows Winter Sun to activate PCM

Polycarbonate containers filled with a salt hydrate
mixture, which stores heat at +26°C to +28°C.

Swiss architect Dietrich Schwarz

e RS T Jat and stores the themeral energy in
polycarbonar containers fill W|th salt hydrate mixture. This store heat to 26 —28 C or
about 80 F. Then that heat is reradiate out to the building at night when there is no
sun. IN the summer the system is used as a shading device blocking the heat from
the sun.



Uncharged Charged

The materials have two different colors, showing the building occupants if the
material is charged or not. When charged it store the thermal energy that can be
transfer over the evening.
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https://www.bloomberg.com/news/videos/2015-09-23/see-the-world-s-greenest-office-building-the-edge

| have a cool video showing an example of a smart building, it is called edge, an office
park for delloite.
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Advance materials, Advancing
Architecture

* Smart materials are providing the ability to precisely design
behaviors.

* This is the power that architecture can use to design better
buildings.
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Discussion Questions

* Do you have confidence in
Smart Homes / Offices?

* What about IT problems?

* Do you think these systems
can save energy, or do they
lead to more e-waste and
energy usage?
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