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Executive Summary

How the use of new energy technologies impacts our behaviour?

How our behaviour impacts the application of new energy technologies?

The way we live, act and behave is all supported, guided and fed by ubiquitous energy
systems, staying mostly invisible from our eyes and mind. We only recognize them when our
phone runs out of power, car asks for refuel or feeling of hunger reminds us, it is a time for
bite. As energy technologies change, they pathways for new applications and create
possibilities to rethink the interactions with man-made world, making totally new futures
possible.

The aim of this project is to shift our understanding of energy from invisible support to
meaningful power for the future. The design & engineering teams will analyse the contexts
and ways we use energy, build on the research ﬁndings new concepts of products, services
or environments and illustrate the change in power of the future with tested use cases.

Organization selection:
“SKELETON TECHNOLOGIES”
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I - RESEARCH
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Preliminary Research

The Deﬁnition of Ultracapacitors

A rapidly emerging and increasingly applied technology, ultracapacitors are capable
of storing and discharging energy very quickly and effectively. Due to their many beneﬁts,
Ultracapacitors are currently being utilized in thousands of different applications, and
considered in an equally diverse range of future applications. Ultracapacitors complement a
primary energy source which cannot repeatedly provide quick bursts of power, such as an
internal combustion engine, fuel cell or battery.

Ultracapacitors in the present day
●

Provide energy to data centers between power failures and initiation of backup
power systems, such as diesel generators or fuel cells.

●

Harvest power from regenerative braking systems and release power to help hybrid
buses accelerate.

●

Reliably crank semi-trucks in cold weather or when batteries are drained from
repetitive starting or in-cab electric loads.

●

Provide cranking power and voltage stabilization in start/stop systems, backup and
peak power for key automotive applications – and serve as energy storage in
regenerative braking systems.

●

Capture energy from regenerative braking systems and release power to assist in
train acceleration, and used for vehicle power where overhead wiring systems are
not available.

●

Open aircraft doors in the event of power failures.

●

Capture energy and provide burst power to assist in lifting operations.

●

Used in blade pitch systems and to help increase reliability and stability to the
energy grid.

●

Provide energy storage for ﬁrming the output of renewable installations and
increasing grid stability..
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Technical Comparison between Ultracapacitors to Batteries
‣ Ultracapacitors

‣ Batteries

- Physical Charge Storage

- Chemical Charge Storage

- Higher Power Density, Faster

- Lower Power Density, Slower

- Millions of charge/discharge cycles

- Thousands of charge/discharge

cycles
- No maintenance

- Maintenance

- Broad temperature range (-30 C° to

- More limited temperature range

- Cycle efﬁciency can be above 95%
- Lower internal resistance
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How Ultracapacitors Work?

PRIMARY ENERGY SOURCES like internal combustion engines, fuel cells and batteries work
well as a continuous source of low power. However, they cannot efﬁciently handle peak
power demands or recapture energy in today's applications because they discharge and
recharge slowly.

ULTRACAPACITORS deliver quick bursts of energy during peak power demands, then
quickly store energy and capture excess power that is otherwise lost. They efﬁciently
complement a primary energy source in today's applications because they discharge and
recharge quickly.
For High Power Pulses
Extends Battery Life ✓ Can Use Lower Cost Batteries

Differentiating Energy and Power
‣ Energy: The Capacity to Do Work [Joules or Wh]
‣ Power: The Rate at Which Energy is Transmitted [Watts = 1J/s]

High Energy=Low Power

Low Energy=High Power

Electrochemical Capacitor Markets
●

High Power Consumer

●

Electronics

●

Transportation

●

Industrial
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Application now and future possibilities:
●

Regenerative braking
Releasing the power in acceleration

●

Starting power in start-stop systems • Regulate voltage to the energy grid

●

Capture power when lowering loads and assisting when loads are lifted

●

Back-up power in any application where quick discharge ( or charge) is required

●
Inﬁnite Possibilities

Road Side

Solar Boat

Off-Grid Cabin
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Commute and Energy
Commuting is periodically recurring travel between one's place of residence and
place of work, or study, and in doing so exceed the boundary of their residential
community. It sometimes refers to any regular or often repeated traveling between
locations, even when not work-related. A distinction is also often made between commuters
who commute daily or weekly between their residence to workplace, and are therefore
considered respectively local or long-distance commuters.

Deﬁnition of a ‘Smart city‘

A smart city is an urban area that uses different types of electronic data
collection/sensors to supply information used to manage assets and resources efﬁciently.
This includes data collected from citizens, devices, and assets that is processed and
analyzed to monitor and manage trafﬁc and transportation systems, power plants, water
supply networks, waste management, law enforcement, information systems, schools,
libraries, hospitals, and other community services.
The smart city concept integrates information and communication technology (ICT),
and various physical devices connected to the network (the Internet of things or IoT) to
optimize the efﬁciency of city operations and services and connect to citizens.
Smart city technology allows city ofﬁcials to interact directly with both community and city
infrastructure and to monitor what is happening in the city and how the city is evolving.
Information and communication technology (ICT) is used to enhance quality,
performance and interactivity of urban services, to reduce costs and resource consumption
and to increase contact between citizens and government. Smart city applications are
developed to manage urban ﬂows and allow for real-time responses. A smart city may
therefore be more prepared to respond to challenges than one with a simple
"transactional" relationship with its citizens.Yet, the term itself remains unclear to its
speciﬁcs and therefore, open to many interpretations. Other terms that have been used for
similar concepts include cyberville, digital city, electronic communities, ﬂexi-city,
information city, intelligent city, knowledge-based city, MESH city, telecity, teletopia,
Ubiquitous city, wired city.
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Major technological, economic and environmental changes have generated interest
in smart cities, including climate change, economic restructuring, the move to online retail
and entertainment, ageing populations, urban population growth and pressures on public
ﬁnances.[11] The European Union (EU) has devoted constant efforts to devising a strategy
for achieving 'smart' urban growth for its metropolitan city-regions.[12][13] The EU has
developed a range of programmes under 'Europe's Digital Agenda".[14] In 2010, it
highlighted its focus on strengthening innovation and investment in ICT services for the
purpose of improving public services and quality of life.[13] Arup estimates that the global
market for smart urban services will be $400 billion per annum by 2020.[15]

Examples of Smart City technologies and programs have been implemented in
●

Dubai

●

Milton Keynes

●

Southampton,

●

London

●

Amsterdam,

●

Barcelona

●

Madrid

●

Stockholm

●

China

●

New York
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Energy Research
Piezoelectricity

This is the ability of certain materials to generate an electric charge in response to
applied mechanical stress. Piezoelectricity highlights the electricity resulting from pressure
and heat. The term ‘piezein’ is derived from the Greek language and this means to squeeze
or press. Piezoelectricity was discovered in 1880 by French physicists named Jacques and
Pierre Curie.The piezoelectric effect is understood as the linear electromechanical
interaction between the mechanical and the electrical state in crystalline materials with no
inversion symmetry.
The piezoelectric effect is a reversible process in that materials exhibiting the direct
piezoelectric effect (the internal generation of electrical charge resulting from an applied
mechanical force) also exhibit the reverse piezoelectric effect. For example, lead zirconate
titanate crystals will generate measurable piezoelectricity when their static structure is
deformed by about 0.1% of the original dimension. Conversely, those same crystals will
change about 0.1% of their static dimension when an external electric ﬁeld is applied to the
material. The inverse piezoelectric effect is used in the production of ultrasonic sound
waves.
Piezoelectricity is found in useful applications, such as the production and detection
of sound, generation of high voltages, electronic frequency generation, microbalances, to
drive an ultrasonic nozzle, and ultra ﬁne focusing of optical assemblies. It is also the basis of
a number of scientiﬁc instrumental techniques with atomic resolution, the scanning probe
microscopies, such as STM, AFM, MTA, SNOM, etc., and everyday uses, such as acting as
the ignition source for cigarette lighters, and push-start propane barbecues, as well as the
time reference source in quartz watches.

Thermal energy

In thermodynamics, thermal energy refers to the internal energy present in a system
due to its temperature. The concept is not well-deﬁned or broadly accepted in physics or
thermodynamics, because the internal energy can be changed without changing the
temperature, and there is no way to distinguish which part of a system's internal energy is
"thermal".
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Thermal energy is sometimes used loosely as a synonym for more rigorous
thermodynamic quantities such as the internal energy of a system; or for heat or sensible
heat which are deﬁned as types of transfer of energy. Heat and work depend on the way in
which an energy transfer occurred, whereas internal energy is a property of the state of a
system and can thus be understood even without knowing how the energy got there.

Kinetic energy harvesting

the harvesting of “free” energy from common human activities, such as walking, writing with
a pencil, taking a book off a shelf, or opening a door. Surprisingly, except for those living
the most sedentary lifestyles, we all move around enough that a kinetic energy harvester —
such as a modiﬁed Fitbit or Nike FuelBand — could sustain a wireless network link with
other devices, such as a laptop or smartphone.

Examples of energy usage in everyday life
●

Writing with a pencil or opening a drawer produces more harvestable energy (10-30
microwatts) than a plane ﬂight at its most turbulent intervals (5 microwatts).

●

For comparison, walking produces somewhere in the region of 100-200 microwatts.

●

The researchers found that intentionally shaking an object, as demonstrated by
shake ﬂashlights, creates more than 3,000 microwatts (3 milliwatts).

●

Dance clubs are also getting in on the action. In the Netherlands, Rotterdam's new
Club WATT has a ﬂoor that harnesses the energy created by the dancers' steps.

Energy wastage during commute

Most of our everyday life is spent on getting from one place to another. Countries
such as US and China have conducted studies to estimate how much energy an average
worker wastes while getting to and from work.
“It now takes the average worker 26 minutes to travel to work, according the the U.S.
Census Bureau. That's the longest it's been since the Census began tracking this data in
1980. Back then the typical commute was only 21.7 minutes. The average American
commute has gotten nearly 20 percent longer since then.
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Statistics related to Commute
The Washington Post (2016) article based on US Census.
How much of one’s life if wasted on commute.

How much time an American spends in commute daily

Those who travel more than 90 minutes or more everyday.
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II - USER STUDIES
(Case Study - Tallinn)
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Primary Research
Observations

These observation were made in Tallinn, Estonia during peak and off-peak hours. As most
people commute in buses and trams, these were the modes of transport that were
focussed upon.

A SWOT analysis was conducted in terms of the local transportation

facilities available to the public.

Friday 13h40 (bus) from TTU to Tondi
●

Looking through the window

●

Waiting

●

Listening music

●

Eating a snack

●

Standing with a cane

●

Most of people having a bag

●

kids with scooters

Friday 16h30 Tram 3 from Keemia to Kaubamaja
●

10-15 People waiting at stop (Mostly TTU students)

●

Punctual with the bus schedule

●

Half got into the tram and the rest were left waiting for the next bus.

●

Most were staring at their phones.

●

Children between the ages of 10-15 were struggling to huddle together while standing in the
bus.

●

Some were eating and drinking coffee in the bus.

●

A lady got into the tram with a pram. Had to lift it on and off the bus.

●

Some had trouble validating the ticket which was inside the bag. Kept knocking on the
validator.

●

A couple was having an argument in the bus. There were also tipsy.

●

Most peoples got off at the Lepistiku and Taksopark stops to change buses.

●

Everyone at the Kaubamaja stop was in a rush to get off.

●

Some heading to Mustamae on the returning ride got in at the Kaubamaja stop as well.
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Friday 17h30 (bus) From Vastriku to Tondi
●

Bus crowned

●

Differents category age

●

Drunk man falling

●

Many bag on knees

●

Going from work to shop

Friday 18h30 Tram 3 Taksopark to Keemia
●

Mostly families and older couples.

●

Ofﬁce peak hours for those heading home

●

Most were standing alone and with a signiﬁcant gap between them.

●

Checking the schedule almost every 5 to 7 mins

●

Most got in with a lot of grocery bags in stops like Linnutee and Taksopark.

●

Most people with bag decided to stand.

●

No access to prams to wheelchairs

●

A single point to check the bus schedule; so a higher movement around that one place

●

Children get in as groups at most stops.

●

Language issues on signage and announcements.

Sunday 11h00 Tram from Freedom Square to the Airport
●

Everybody is sitting separately

●

Everybody stand up before the stop and have to manage stopping force

●

People struggling with bumpy stopping

●

Drinking coffee

●

Nowhere to put your bags

●

People using headphones

●

Bags on seats

●

Difﬁcult to push button when holding bags

●

A man just rides for 1 stop because of two bags

●

11.15 arrival at the airport, empty tram

Sunday 11h24 start moving from the airport
●

Different (funny) positions for validating the green card (bottom, pockets, etc…)

●

Nobody takes out the card

●

One lady is trying to get the card beeping for 4 times

●

Children cannot reach the top loops, bounce on each other

●

Pressing the door button before the stop

●

People are very scattered in bus stops (don't like to stay close to each other)
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Sunday around noon Hobujaama stop
●

People are queueing for the small timetable & going back & forth to recheck

●

Peoples have bags.

●

It's cold to wait

●

Getting frustrated by not knowing the arrival of the bus

●

Noise from the trafﬁc

●

Old people with plastic bags.

●

Waiting for a long time.

●

People looking towards the direction of the incoming bus.

●

Process: queuing - checking time - checking schedule - repeat in 5 min

●

Actions in the bus - people with different leg positions, standing against the stop force

Friday 14h30 Tram 3 Tehnikaülikool to Kosmos
●

People are standing and waiting for the buses.

●

People are queueing for the small timetable & going back & forth to recheck

●

Peoples have bags but nowhere to put them.

●

It's cold and boring.

●

Most people are in their phones.

General observations made during the weekend
●

Transport map is very confusing and hard to read.

●

There is huge proportion of old people who is traveling in every bus. Old people usually
prefer standing in the bus however some of them who are sitting are usually reading some
newspaper.

●

People mostly busy in their mobile phones no matter if they are standing or sitting. Estonian
people love their mobiles more than anything else.

●

Almost every person swipe the card while entering. It depicts that everybody obeys the law.
Bus timing schedule is not also mentioned in English and its very confusing for foreign at ﬁrst
to understand it.

●

Estonian people want some personal space and they prefer sitting separately and even in the
bus station they stand scattered

●

Most people least care about the bus arrival time. They just stand waiting instead of
checking the bus schedule time.

●

Buses travel till midnight. They should allow buses to travel from airport to the places late at
night.
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●

Ticket checking system is good to keep check on defaulters. All system is computerized with
RFID System.

●

Buses are on time sometimes and sometimes 2-5 min late

●

No haste or hustle while riding buses.

●

Bus stations are also not very crowded except few stations.

●

Bus stops at every station no matter if there are passengers or not.

●

Bus driver driving smoothly and he is not in haste mostly

●

Almost every traveller has a packed bag with him

●

People mostly travel quietly and seldom does one ﬁnd people talking with each other.

●

Average waiting time on weekdays is 10 min while on weekends it’s around 15min

●

It’s very dark in bus stations at night and it’s hard to read transport map or bus schedule.
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Primary Research
Interviews

Interviews were conducted at random to understand commuter habits when using public
transport. Most of these users were based in Tallinn. (See Appendix A)

Interview Questions:

1. Brief introduction (name, age, profession/activity)
2. Do you use public transport? Daily commute or for activities (school work reason,
shopping)? Please explain
3. What modes of transport do you use? bus, tram, …
4. How do you go from home to the bus stop?
5. How long does it take?
6. Do you consult the bus schedule?
7. How early do you begin your journey?
8. Do you any combination of public transport which one?
9. Can you describe a route you take often ?
10. How long do you wait normally between transfer?
11. Have you ever missed the bus or tram?
12. Do you travel alone?
a. Where do you go often? Give reasons.
b. Are you frequent user? Give reasons.
c. What do you like about Tallinn’s transport system? Give reasons.
13. Are you happy with the existing system? Give reasons.
14. Have you any memorable (good/bad) experiences when using the local public
transport?
15. What transport facilities would you like to have in a future?
16. What do you do during your journey?
17. Do you prefer to be sit or stand?
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Interviewee 01 - Sarah-Beth
1. 28 years and from USA
2. Christian Missionary pastor
3. Church, Shopping and Language classes
4. Bus and tram
5. Walk to the stop = about 5 minutes
6. Yes, also have have the ‘Traﬁ’ app
7. About 10 minutes earlier than she should. Always forgets something.
8. It’s usually one mode, just the bus on most days.
9. Walk to Lepistiku to Kaubamaja (tram 3 or bus 11) and back
10. 5/7 mins transit waiting
11. Missed the bus during transits a few times
12. Mostly alone
a. Classes alone but shopping, sometimes with her husband.
b. Frequent user
c. Prefer Tallinn transportation because it is free.
13. Its is not designed for those with special needs.
14. Carrying multiple heavy bags is always a task.
15. More storage
16. Listen to my iPod and enjoy my coffee.
17. Sit close to the exit.

Interviewee 02 - Wing Cheng
1. 28 years and from Hong Kong
2. Artist and photographer
3. Sightseeing, Shopping and Language classes
4. Bus and tram
5. Closest stop is 2 minutes
6. Not always but if she is going to somewhere for the ﬁrst time
7.

5 mins earlier than she should

8. The tram or bus
9. Taksopark to Kaubamaja and back
10. 2/5 mins transit waiting
11. Missed the bus during transits a few times
12. Mostly alone
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13. More signage in english.
14. Always get stepped on at the last stop. Peoples try to get in before she gets out.
15. More lower level seating and more storage
16. Listen to music or scroll through Instagram/Facebook
17. Sit unless its like 1 or 2 stops

Interviewee 03 - Hood Yasin
1. 26,Student doing Master in mechatronics from TTU
2. Yes, for going to university, for job, for visiting different places round the city and
also for meeting with friends.
3. Mostly I use trolley, because it is more suitable for me and it doesn’t put brakes too
much so it is more easy for me to travel.
4. Bus stop is near to my living place so I go by walk it is only 300m away from my
place.
5. It takes 3 minutes for me to reach at stop by walk.
6. Yes, I always use an app “Tallinn Transport ” to see schedule of buses and trolly
before going out.
7. I go out 10 min before the bus arrival time and I check the timings of bus on Tallinn
transport app.
8. No, not really.
9. I am use to of Trolly 3 from Keemia to Kaubamaja and from there is can go
anywhere.
10. I don’t like too much waiting of buses and trolleys so mostly when I leave home, I
have targeted time to get next bus or tram. This wait is mostly 5-10 minutes.
11. Mostly I travel alone.
12. I often go to Taksopark Kristiine Mall and Also to Coca Cola plaza to watch movies.
13. Yes, I am frequent user.
14. Yes the transport system of Tallinn is best in the world in front of me. Because I have
travelled in Italy, Latvia, Finland etc but all other countries are much expensive and
difﬁcult to understand their transport systems but here in Tallinn, it is best thing for
me.
15. Yes, I am very happy with the existing system but I want to add something more
here.
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16. Govt of Estonia should start few number of buses after 23:59 in night because many
times ships and planes and other buses from different countries reach Estonia after
this time and it is little problem for these people and need to ask someone to take
them from terminal or autobussijaam or they rent a taxi.
17. Not much bad experience, once I was in autobussijaam at midnight and I needed to
rent a taxi for 10 euro to reach Keemia stop.
18. If it is 3…4 stops journey then I prefer to stand but mostly when I travel for long
journey then I usually sit down and use my Ipod.

Interviewee 04 - Vlad
1. 24, student, temporary working
2. Going school, going out night, shopping.
3. For convenience take less time than walking, also it’s good by bad weather
4. Mostly busses
5. 300 m walk
6. 2minutes, can come 5 or 10 minutes in advance for important meeting. Otherwise
don't care
7. Yes sometimes using the app of Tallinn transportation
8. Afternoon
9. It’s depends of location
10. From Lepistiku to City center 10.20 minutes
11. Sometimes because to precise with schedule, and really time can variated a lot (5
min)
12. Yes, travelling alone
13. City center go out drinkin
14. 3-4 times per week
15. It’s ok, not enthusiastic. Problem, is to across city and transfer. Transfer = time
consuming
16. Driver stop harshly and falling. Driving style aggressive. Fun experience : drunk
people, “it's like a circus”
17. He doesn't know. Maybe rental car for the future.
18. Watching through the window or listening music
19. Sit on the back.
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Interviewee 05 - Volkan
1. 25 year old Student and engineer
2. Yes. Going to school and town.
3. Bus, tram, train, trolley
4. Walking
5. 5. 5 mins
6. Yes, Traﬁ app
7. 6 mins earlier
8. Depends on where I am going. But generally no.
9. Home to Koolimaja stop, take bus number 17 or 17A, get off at Estonia stop
10. 5 mins.
11. Sometimes, yes
12. Yes, Vanalinn to school
13. Indeed I am
14. Nothing to complain about
15. Sometimes bus schedule is not that reliable. So I arrange my trip +/- 2 mins. Other
than that,not much to complain about.
16. Bad experience is about having to wait at bus stop for too long. No good
experience, usually neutral.
17. Metro!!!
18. Look outside, or my phone, sometimes real.
19. If there is empty seat, I would sit.

Interviewee 06 - Jaanus
1. 46 year old, programmer
2. Mostly tram when commuting in Tallinn.
3. By foot.
4. As I live quite close to the bus stop, it takes maybe 5 minutes max.
5. No, the tram normally comes after every 5-10 minutes after I have arrived to the bus
stop.
6. About 30 minutes before I have to be somewhere.
7. Sometimes I go with tram to bus station or airport. I use public transportation much
more when I’m travelling – for example in Paris to get from airport to train station
because it’s much cheaper than taxi and quite hassle free.
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8. I take the tram from Kosmos bus stop and commute to the last stop in Tondi. Then
go to work by foot which is about 8 minutes from the stop. I could take a bus from
the last tram stop to go faster but I prefer walking. When I come back I take the tram
from Kalevi bus stop and step out at Kosmos.
9. I usually don’t transfer in Estonia.
10. I don’t miss busses.
11. While commuting, usually yes. When travelling, usually no.
12. To work.
13. Yes.
14. I like the lines that I use often. But to some places it’s a real hassle to get and I just
use Uber.
15. No. It could have much better connections.
16. If I need to come back to the city from the outskirts (for example when I take my car
to service) it’s a total pain in the ass. There’s maybe 1 bus after every 30-40 minutes.
Sometimes even an hour. And when it’s cold, you freeze your ass off.
17. I have very good experience with trams, really like them and the communication
inside there – how they nudge passengers to validate is very friendly and warm.
18. Warm waiting areas during winter would be nice.
19. Look out of the window.
20. When it’s crowded I prefer to stand, when not, sit.

Interviewee 07 - Karoliina
1. 23 year old student
2. I use a bus for public transport but a tram more often
3. By foot
4. 6 minutes
5. I don't consult the schedule since a tram comes every few minutes.
6. If I go to school which is in Üülemiste I start my journey an hour before class because
I live in kopli
7. It takes about 50 minutes to get there
8. I take 2 trams, ﬁrst nr 2 to hobujaama in center city and from there 4 to ülemiste city.
9. I take a route to center city often
10. I have missed transport but don't have to wait long for a new one
11. I usually travel alone
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12. Bad experiences with public transport include too crowded spaces, rude people and
busses are late more often than trams
13. Also the system in the tram- if you buy the ticket in cash you have to be in front have
exact money and can't do it when the tram is moving
14. So it's quite impossible to get a ticket after you've ran on the tram and end up in the
back while its fully crowded
15. So maybe a better system for tickets for people who don't have a green card
16. I hate standing but you have to leave room for the elderly
17. I think about life during the ride and look at people's sad faces and am grateful that
I am young and beautiful
18. I would like to see more transport facilities that are actual facilities, because it's cold
and windy and those little stops don't offer any kind of protection from the weather.
19. It depends.
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Technology Research
10 Reasons for using Ultracapacitors in your System Designs

Historically, the use of a single energy device to satisfy the entire power speciﬁcation
of an application required designers to either design for power (at times providing excess
energy), or design for energy (at times providing inadequate power). Ultracapacitors, also
known as electrochemical double layer capacitors (EDLC), have unique characteristics when
compared to other energy storage devices. By leveraging these unique features, you have
more freedom when designing your power system. The high performance characteristics of
Maxwell Technologies ultracapacitors allows you, the system designer, to develop hybrid
power system solutions that cost less and perform better than non-hybrid solutions. The
beneﬁts of using ultracapacitor technology in your designs are quite extensive. Here are ten
reasons why you should consider using ultracapacitors in your power systems:

1. Very High Efﬁciency
MAXWELL ultracapacitors are highly efﬁcient components. Their coulombic efﬁciency
(deﬁned as the total charge removed divided by the total charge added to replenish the
charge removed) is greater than 99%, even at very high currents, meaning that little charge
is lost when charging and discharging the ultracapacitor. Round-trip efﬁciency is also very
high, due to the low equivalent series resistance (ESR). At a 5 second rate*, round-trip
efﬁciency is greater than 70%. At a 10 second rate, RTE is greater than 80%.
This results in not only a more efﬁcient use of your energy, but less heating, andtherefore
potentially less overhead for cooling your energy storage.*discharging to ½ voltage in 5
seconds, and recharging at the same rate until the ultracapacitor is fully charged

2. High Current Capability
MAXWELL ultracapacitors are designed with a very low equivalent series resistance (ESR),
allowing them to deliver and absorb very high current. The low ESR of MAXWELL
ultracapacitors allows them to be charged very quickly, making them well suited for
regenerative braking applications and other quick-charge scenarios. The inherent
characteristics of the ultracapacitor allow it to be charged and discharged at the same rates,
something no battery can tolerate.If you wish to charge your energy storage device quickly
(in applications like regenerative braking and quick-charge toys), you can charge the
ultracapacitor as quickly as the system will allow, within reasonable limits based only on

26

simple resistive heating. In battery-based systems, you can only charge as fast as the battery
will accept the charge. This limits the system to only low to moderate charging rates, and
may also limit how frequently one can charge, a signiﬁcant issue in braking systems.
Furthermore, the battery does not self-limit this charging rate, therefore you as the systems
designer must manage this charging. In some cases, you may need the extra energy you
get with a battery. In these cases, you can combine an ultracapacitor and a battery to get
the best of both, optimizing your system design. Examples include consumer electronics
such as digital cameras, in which an inexpensive alkaline battery is combined with an
ultracapacitor, and automotive applications such as hybrid power trains. In both examples,
the high power pulses are provided by the ultracapacitor, while the large energy
requirement is provided by the battery.

3. Wide Voltage Range
Because they are capacitors, ultracapacitors are not conﬁned to a narrow voltage window.
Designers need only consider the voltage range of the system, which can be much wider
than the narrow voltage range required by a battery. The ultracapacitor can operate at any
voltage below its maximum continuous operating voltage. To achieve higher voltages,
multiple cells are placed in series, and are operated at or below their total series maximum
voltage. There is no risk of over-discharging the ultracapacitor, and in fact there is additional
safety for service personnel, who can fully discharge an ultracapacitor system before
servicing, reducing the electrical hazard. In some systems such as fuel cells, the ability of the
ultracapacitor to track with the fuel cell's voltage is a signiﬁcant beneﬁt over battery/fuel cell
systems, where the fuel cell wants to operate over a voltage range that is wider than that
tolerated by batteries.

4. Wide Temperature Range
Since ultracapacitors operate without relying on chemical reactions, they can operate over a
wide range of temperatures. On the high side, they can operate up to 65°C, and withstand
storage up to 85°C, without risk of thermal runaway. On the low side, they can deliver
power (with slightly increased resistive losses) as cold as -40°C, well below the cold
performance threshold of batteries.

The excellent cold performance of MAXWELL ultracapacitors is an excellent ﬁt for
engine-starting applications. When combined with batteries, you can implement a system
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that meets the energy requirements with a battery (such as powering lights and stereos
while the engine is off) and the power requirements with the ultracapacitor.

5. Condition Monitoring (SOC & SOH)
Determining battery state of charge (SOC) and stateof health (SOH) is a signiﬁcant factor in
designing robust battery systems, requiring sophisticated data acquisition, complex
algorithms, and long-term data integration.In comparison, it is very simple to determine the
SOC and SOH of ultracapacitors.Since the energy stored in a capacitor is a function only of
capacitance and voltage, and the capacitance is constant (relatively speaking),a simple
open-circuit voltage measurement deﬁnes state of charge. Since capacitance is relatively
stable, voltage alone effectively determines SOC. Because of the relatively slow change in
capacitance and equivalent series resistance over time, occasional calculations of
capacitance and ESR can be used to determine SOH. A short (2-10 sec) discharge at any
constant current can provide sufﬁcient data to calculate capacitance and ESR. Since these
values change slowly, this SOH data point, when combined with an open- circuit voltage
measurement for SOC, yields all the information required to determine the condition of the
ultracapacitor.

6. Long Cycle Life
The energy storage mechanism of an ultracapacitor is a highly reversible process. The
process moves charge and ions only. It does not make or break chemical bonds. It therefore
is capable of hundreds of thousands of complete cycles with minimal change in
performance. Cycle depth is also not an issue, so ultracapacitors can be micro-cycled
(cycled less than 5% of their total energy) or full cycled (cycled greater than 80% of their
total energy) with the same long life. They can be cycled infrequently, such as in an
uninterruptible power supply system where they may only be discharged a few times ayear,
or they may be cycled very frequently, as in a hybrid vehicle.

7. Long Operational Life
Since there are no chemical reactions, the energy storage mechanism of an ultracapacitor is
a highly stable process. It is therefore capable of many years of continuous duty with
minimal change in performance. Long-term storage is not an issue, since the ultracapacitor
can (and should) be stored completely discharged.
The long cycle life and long operational life make the ultracapacitor a lifetime component
for most applications. Battery replacement is considered normal routine maintenance,
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8. Life Extension for Other Energy Sources
Energy sources such as batteries, specialty engines, and fuel cells don't perform well in
transient conditions. For some components, transients can signiﬁcantly shorten life.
Coupling an ultracapacitor with these energy sources off-loads many of these transients
from the main energy source. The beneﬁts are a smaller main energy source, and one that
has potentially much longer life. The life cycle cost of the battery associated with an
ultracapacitor-battery system may be much lower than that of a battery-only system.

9. Ease of Maintenance
Ultracapacitors require basically no maintenance. They have no memory effects, cannot be
over-discharged, and can be held at any voltage at or below their rating. If kept within their
wide operating ranges of voltage and temperature, there is no recommended maintenance.

10. Straightforward Integration
The inherent nature of ultracapacitors makes system integration relatively easy, much easier
than with batteries. Systems integration with respect to the ultracapacitor is primarily
focused on keeping the ultracapacitor within its wide operating limits of voltage and
temperature. Ultracapacitors can be placed in series or in parallel. When installed in parallel,
no extra management is necessary. When placed in series, a voltage management circuit is
often used to keep the voltage of each cell within operating limits.Voltage management
circuitry is often used in battery systems as well, however, an ultracapacitor management
system need only prevent cells from exceeding their rated voltage. This is typically done
with a simple voltage-sensitive current-bypass circuit. No control is necessary to keep cells
above a minimum voltage, since ultracapacitors have no lower voltage limit. For installations
that are conservative with respect to individual cell voltage, no management system may be
needed. Recent technology improvements have signiﬁcantly decreased variations in
performance from cell to cell, reducing the need for management systems, with the
potential to eliminate them completely.

Ten Reasons = Design Flexibility

Research
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Road safety and current statistics
R. Kumar conducted a study in 1985 using British and American crash reports as
data, suggested 57% of crashes were due solely to driver factors, 27% to combined
roadway and driver factors, 6% to combined vehicle and driver factors, 3% solely to
roadway factors, 3% to combined roadway, driver, and vehicle factors, 2% solely to vehicle
factors, and 1% to combined roadway and vehicle factors.
Reducing the severity of injury in crashes is more important than reducing incidence
and ranking incidence by broad categories of causes is misleading regarding severe injury
reduction. Vehicle and road modiﬁcations are generally more effective than behavioral
change efforts with the exception of certain laws such as required use of seat belts,
motorcycle helmets and graduated licensing of teenagers
When to stop when following existing road regulations?
In theory we can calculate when we should brake when we are driving at a certain speed.
http://www.cnpcyprus.com/simulation/speed%20calculator6display.swf

2016 Annual Global Road Crash Statistics
●

Nearly 1.3 million people die in road crashes each year, on average 3,287 deaths a day.

●

An additional 20-50 million are injured or disabled.

●

More than half of all road trafﬁc deaths occur among young adults ages 15-44.

●

Road trafﬁc crashes rank as the 9th leading cause of death and account for 2.2% of all
deaths globally.

●

Road crashes are the leading cause of death among young people ages 15-29, and the
second leading cause of death worldwide among young people ages 5-14.

●

Each year nearly 400,000 people under 25 die on the world's roads, on average over 1,000 a
day.

●

Over 90% of all road fatalities occur in low and middle-income countries, which have less
than half of the world's vehicles.

●

Road crashes cost USD $518 billion globally, costing individual countries from 1-2% of their
annual GDP.

●

Road crashes cost low and middle-income countries USD $65 billion annually, exceeding the
total amount received in developmental assistance.

●

Unless action is taken, road trafﬁc injuries are predicted to become the ﬁfth leading cause of
death by 2030.

Innovative Solutions
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Solution to address “linking Technology to Proximity”.

Beacons

Steve Cheney, co-founder and senior vice president of iBeacon says “Beacons are a little bit
like URLs for the physical world,” says .
“We don’t know exactly how it’s all going to work out, from the experience level, but
I think the apps you use the most will start to integrate beacon technology in a way where
you assume it was always that way.” Like the larger Beacons, Estimote’s Sticker-sensors, set
to ship this fall to curious developers and companies eager to take advantage of the
internet of things, help apps “see” their surroundings via motion and temperature sensors
that communicate with nearby devices via Bluetooth.
Possible applications range from prosaic to Jetsons-esque. When entering a movie
theater, for example, beacons could automatically silence your phone. Place beacons
around your home, and: “Launch Here”, a self-described shortcut app, promises to launch
appropriate apps as you move from your coffee maker (start brewing) to your sofa (turn on
Apple TV). Retailers like Macy’s are already testing the waters, sending shoppers discounts
speciﬁc to the department where they’re browsing.

The design ﬁrm Ideo, which also happens to be an Estimote partner, has been
experimenting with the hardware, imagining scenarios for settings as varied as museum
galleries and hospital wards. Co.Design caught up with Joe Rizk, who oversees Ideo’s
partnerships with early-stage companies in New York, in order to ﬁnd out why the design
ﬁrm is investing time and resources in imagining a world rife with “nearables,” the
Estimote-trademarked term that Cheney hopes will catch on. The challenge, Rizk says, is
how to “create a space that comes to life without altering or manipulating the space itself.”
Rizk is optimistic about Estimote Stickers, and their ability to add convenience, functionality,
and interactivity–what he calls “texture”–for three reasons.

As for Estimote, Cheney says his startup is talking with airlines, retailers, and more
about adding that layer of “texture” to customer experiences. Whether you notice them or
not, these bite-sized beacons are likely headed your way.
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Product Beneﬁts

1. They leverage the hardware in your pocket.
“In one of the cases that we designed for, it was a museum space,” Rizk says,
describing a scenario in which beacons were placed throughout an exhibit. By tying the
sensors to your personal smartphone, rather than an audiovisual guide that you might rent
for the afternoon. That layer of texture, even as simple as tailoring content to ﬁrst-time
versus regular visitors, “is quite signiﬁcant.”

2. They’re passive, for the end user.
For users weary of updating apps and navigating notiﬁcation settings, beacon
technology is refreshingly low-maintenance. Experiences can “come to life without you
having to manually do anything,” he says. No more customer surveys, no more inputting
preferences: beacon data has the potential to cut those corners. “For us as designers, the
idea that you can make something cumbersome more seamless is really exciting.”

3. They’re lightweight, in more ways than one.
Size matters, a truism that holds particular sway in the technology world. “Estimote’s
Stickers” are both physically lightweight, which makes it possible to attach them to moving
objects (for example, purses on display in a department store), and metaphorically
lightweight to purchase and install. “It helps us be more nimble when we’re testing and
prototyping,” Rizk says. “It doesn’t require us to rip up ﬂoorboards or tear out the walls.”
Ideo has even started tinkering with the idea of designing a self-guided tour of its ofﬁces for
clients and other visitors, using the sensors.
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III - PROTOTYPING
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User Centered Experimentation
Scenario Role Play
Location Balti Jaam

Scenario 1
This is Tommy 6 years old living in Telliskivi. He is going at school near is home with his mother. She
is bringing him by car before to go to work. Around the school it is crowned People walking to the
bus station from home - producing energy independently

Scenario 2
Lots of people getting out of the bus/tram at once. Same time people are coming in also. Back &
forth movement.

Scenario 3
Road Junction, In this situation we have a lot of trafﬁc coming in and out. A Lot of pedestrians
crossing at zebra crossing and buses and trams stopping at the signal and taking left/right turn.
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Solution Reasoning
The future is built towards cities that are technologically advanced in all aspects.
Future - Smart Cities

Smart mobility will need an auxiliary platform to bear the load of rapid urbanization.

Why Smart Roads?
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Conceptual Experimentation
Alternate Road Safety
School located on a high trafﬁc main road: Minimize confusion with on-demand signage.

Blind corners with pedestrian crossings: Proactive signage depending on commute.

Intersections with with highway exits: Increase visibility and the number of Pedestrian
crossing
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Demography
The stakeholders of this platform will be the target demography it is designed for. It will be
a system built for people by people on a daily basis. As actions on the road create a
domino effect it will create synergy between all parties commuting.
The main parties that will bear the risk of a platform linked to a mobility system.

Stakeholders
●

Tax paying general public

●

Government

●

RDA

●

Municipal/State Councils

Almost all roads, bridges, airports and transit systems are owned by state and local
governments or government-created agencies, which are responsible for constructing and
maintaining them. Department of transportation (DOT) in most counties and cities is the
primary responsible party . Local governments and municipalities pay for construction and
upkeep of airports, transit systems and major roads, but actually own very little of the
nation’s transportation infrastructure-mainly roads in national parks and forests, Indian
reservations, and military bases.

Corporate Stakeholder investing manpower and technology
●

Skeleton Technologies
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Conceptual Inspirations

System Design: Pinocchio Marionette

Reaction Trigger: Goosebumps
Thinking the road as a sensitive element which reacts to its environment. This conceptual
study inspired the idea of a ‘Multisensory Platform.

Reaction: Varied Textural Surfaces that adapt to the speciﬁc situations. This conceptual
study inspired the idea of a ‘morphable design element’.
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IV FINAL SOLUTION
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Innovative Road-Experience Enhancement
WAKE is a smart mobility platform, which transforms a road into an intelligent and
reactive environment. This creates an enhanced road experience by increasing the
interaction between the road and those commuting.

The platform’s AI processes real time data and transforms movable road-elements
into speed breakers and signage. The safety on the road is increased with the use of
vibrating sensations, increased visibility and high-speed alerts powered by the technology
of ultracapacitors linked to the main-grid. This will create a multisensory road experience.
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Real-time Data Collection

Sensors and Proximity
Our system is using some data already collected in some smart city. The number of
friction per minutes will be used to determine the trafﬁc (ﬂuid, trafﬁc jam, accident). Also
the weight measured on the pavement will permitted to determine which kind of users is
present (cyclist, pedestrian, car,scooter.)
The temperature and humidity is also an important data permitting to prevent the
accident and organise a communication. The speed is also an important data for our
system. If a car is coming too fast in some potential dangerous situation, the speed will be
send to our system and impose to the car breaking the speed. Measuring the distance
between users is also important to increase the safety and avoiding distance.

All those data collecting together in a powerful algorithm are transform as an asset
in our system and make our product smart.
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Technological Inspiration
Kinetics inspired Architectural Trends
Kinetic architecture is a concept through which buildings are designed to allow
parts of the structure to move, without reducing overall structural integrity.

A building's capability for motion can be used just to: enhance its aesthetic
qualities; respond to environmental conditions; and/or, perform functions that would be
impossible for a static structure. The possibilities for practical implementations of kinetic
architecture increased sharply in the late-20th century due to advances in mechanics,
electronics, and robotics

Al Bahr Tower Abu Dhabi

Heatherwick and Foster's Shanghai theatre (Engadget, 2008)
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Design Inspiration
Geometric Textures

3D titling Arquitetos Correia/Ragazzi Arquitectos
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Design and System
The designed product installed in selected environments to maximize its beneﬁts.

Convertible surface elements transform to on demand visual warnings at places
such as pedestrian crossings and temporary road diversions.
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Reactive Design Elements
Increased visibility through adaptable lighting elements with varying conﬁgurations.
On-demand Crossing Lines

Road Closures / Diversion Alerts

Temporary Priority Lanes
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Morphable Design Elements
Embedded road-surfaces with morphable design elements transform and adapt to
different situations based on the real-time data collected by the sensors. Tilted tiling
surfaces will notify speeding drivers to stay within the regulated speed limits. Tiling with
LED elements will give a visual warning or a reminder on demand at pedestrian crossings,
road-construction sites and emergency road diversions.
Non-reactive Surface

Reactive Surface
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Product Customization
The platform consists of varied reactors. which are designed towards creating an
inﬁnite number of conﬁgurations.

There are two main types of road reactors:
●

Tiltable Tiles

●

LED Tiles
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Design Details
Shape: A modular design enabling convenience during installation.

Anatomy of a LED embedded tile.

Material Speciﬁcation:
●

Exterior Layer: Dark steel

●

LED Layer: Polyvinyl chloride(PVC)

Finishing:
●

NanoTech Coating (Transparent ﬁnish)

●

Anti corrosion Coating (Protection against harsh weather conditions)
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Technical Details
Detail drawings for the modular tiles; perspective views and dimensions

Scale @A4
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Energy Source

Hybrid Renewable Energy System (HRES): The applicable energy source to power the
design is a combination of the following:
●

Ultracapacitors

●

Main electrical grid

Motion Engineering
Telescopic Actuators (Characteristics: reliable and ﬂexible)
Telescopics actuators are already used in many situation as space, urban planning and
kinetic architecture. Actuators used in the mould side-face adjustment operation in
continuous casting must perform efﬁciently, despite working in an extremely hot and harsh
environment.
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V - CONCLUSION
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Conclusion
“Wake Roads… Stay Safe…” was the motto, which guided in making decisions throughout
the project.
-

Team Wake

Why now?
According to ASIRT (2018) nearly 1.3 million people in the world die in road crashes
every year. Knowing this do you always feel safe on the road?

Also the cost of one accident is an average of 25 000 euros for the state. We have notice
than the infrastructure in our cities didn’t change to reply to these old problem.
In France some new laws are voted to force the automobiles to reduce the speed from 90
to 80 km/h. Unfortunately laws are not always enough to decrease risks.

In response to the european roads needs to decrease accidents, we believe that a new kind
of interaction between the road and its users is important. That is why we came up with idea
of WAKE.

Why this product?
In the context of Smart City, WAKE will ﬁt into a connected environment as a safety
platform incorporating the present state of the road and the changing behaviour of people
with the end goal of creating a ﬂuid mobility setting.
Design Beneﬁts:
●

Acts as an intelligent speed limiter.

●

Auxiliary warnings and signage from the road.

●

A real-time advanced alert system with a high speed response time.
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