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DISCLAIMER 

 

This report aims to provide an overview of the research, concepts and prototypes that were arrived at 

with regards to the ‘Powering Tomorrow’ project with Alexela Group being our principle case study. The 

report has been prepared to the best of our abilities with knowledge and information at the time of 

writing in a condensed form. No loss was sustained by or to any person as all necessary elements in this 

document has been properly referenced. 

 

 

 

 

PURPOSE OF THE REPORT 

 

This report aims to provide an overview of the design process used in formulating this Project. The 

document clearly elucidates the various steps in the given context.  
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1. EXECUTIVE SUMMARY 

 

This was a collaborative project between Academia and Industry with the former represented by Tallinn 

University of Technology and Estonian Academy of Fine Arts’ joint program Design & Engineering and 

the latter represented by Alexela Group. 

 

In this report, issues related to energy on the go for mobility needs were explored properly from a 

customer perspective. Based on the qualitative and quantitative research methodologies, a quadrant 

theory was identified on the basis of Macro-Trends, Regulations, Infrastructure and User Behavior. The 

focus was primarily on creating a decentralized energy delivery network for charging electric vehicles at 

any location. 3 concepts were identified to tackle the issues & a delivery robot was finally considered 

depending on the technological feasibility and commercial viability.  

 

Välk effectively deals with charging EVs on the basis of where they are parked. It can be employed at will 

using an application and delivers a range of 100 kilometers in a space of 25 to 30 minutes using semi-

fast charging mechanism. The best thing about this Product-Service-System is that it minimizes user 

interaction with the physical robot and can be controlled by a smart-phone. 
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2. INTRODUCTION 

 

The project ‘Powering Tomorrow’ emphasizes in creating new energy technologies for the future 

keeping in mind the User and its behavior. The main focus is to understand how present and emerging 

technologies work and what are the key issues that are arising out of these technologies through the 

eyes of the user.  

 

 

2.1 ENERGY 

 

Energy is everywhere and infinite as long as the universe keeps expanding with every yocto-second (10-

24). Various concepts of harnessing energy on planet earth from conventional and non-conventional 

sources for diverse needs of man have evolved in the past century, but, the world is currently going 

through a dramatic energy-paradigm shift (dirty to clean to be on the specific side of things). 

  

We live in a world where everything is driven by supply and demand, starting from food prices to share 

prices of companies trading on a stock exchange. Humans are energy-hungry starting off from food 

intakes to powering its way of thriving. This includes devices, cars, homes, offices, etc. But, what is 

interesting to understand here is the need for powering systems on the go (off-grid solutions). Here 

comes the argument of sustainability and viability. While our current systems work in a way that the 

source of energy is far from us, systems on the go (or off-grid) rely on being close to the source to 

function. This particular characteristic reduces the need for transportation, and with it, the need for 

shipping or distribution infrastructure.  

 

 

2.2 ORGANIZATION & OPERATIONAL STRATEGY 

 

In a broader sense, Alexela Group is a holding company 6ones66g in the field of energy, logistics, 

property and metal industry. They own the following businesses under the umbrella of ALEXELA 

ENERGY, ALEXELA METALWORK and ALEXELA PROPERTY respectively: 

 

● ALEXELA ENERGIA AS- It is involved in the sale of electricity, natural gas and LPG based heating. 

It has more than 30,000 clients and owns a 6ones6 5% market share in Estonia. Some key 

sustainable products of this company are Blue Electrical Packages (60% of this energy comes 

from renewable energy out of which 53% is based on hydropower) and Biogas based CHP 

(Combined Heat and Power) solution. 

 

● ALEXELA OIL- It is involved in retailing and wholesale of motor gasoline and diesel. Their main 

business is providing service to customers through petrol stations. The various products sold in 

the petrol station are LPG Autogaas, Clean System (3-95, 98, D), Nitro 3000-95, AdBlue, Cylinder 

Gas, Air filling, trailer hiring and food products through selective outlets with combined food 
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shops. Out of the 77 petrol stations owned by the Company, 22 of them have food shops. There 

are a number of customer cards in the given context like Alexela Discount Card, Alexela Payment 

Card, Gift Card, Partner/Cooperation Card (Swedbank/Club One (TallinK/Sastu Kaart)). There are 

currently more than 69,000 active card holders. 

 

● GAASIENERGIA- It is involved in the sale and distribution of natural gas to retail and business 

clients. It is currently active in Harku and Rapla but plans to expand to Tamsalu and Pirita Kose. 

 

● KIVIOLI KEEMIATOOSTUS-  It is involved in oil shale mining, production and sale of it. They also 

have a CHP based production system. The production stands at 1.45 million 7ones annually. The 

main production units are in kivioli and Ida-Viru. The limestone which comes out as a by-product 

is used for chipping purposes. The company boasts of roughly 700 employees. 

 

● ALEXELA LOGISTICS- It is involved in the loading and storage of petrochemical products and LPG 

gas in Paldiski. This company has further subsidiaries like Terminal (transit and storage of light 

oil products), Sillamae (Transit and storage of dark oil products and shale oil), Slovaag (storage 

of light oil products), Puma Aviation (Supply of high quality aviation gasoline for piston engine) 

and Conx (Engineering activities and Consultancy). 

 

● BALTI GAAS- This company has established a regional LNG terminal near Paldiski. 

 

● ENERGIA NORD- It is involved in sale of petroleum products and shale oil. 

 

● BESTNET- It is involved in the production and sale of Trailer (Tiku and Aku). It has an annual 

production of 15,000 units and has manufactured a total of 200,000 since its inception. The 

Company exports 90% of their products to 10 foreign countries. It is the market leader in Finland 

and has 130 employees. 

 

● ZINCPOT- It is involved in hot dip galvanizing of steel structures. The size restrictions are 

7mx1.5mx2.8m with a maximum weight of 5.3 metric 7ones. They specialize in high 

temperature centrifugal galvanizing technology and has a total of 75 employees. 

 

● OMAKODUMAJA- It is involved in the development of real estate in Tallinn and Harjumaakond. 

 

● PALDISKI AREN DAMISE- It builds industrial (Coastal Village and Paldiski Industrial Park) and 

service property in Paldiski. 

 

● BALTIC EXCHANGE- It is involved in the reconstruction of Baltic Exchange building in Tallinn. It 

was transported to Tallinn from London after a bomb attack. 
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3. RESEARCH 

 

Initially our research spanned across several segments starting from energy mobility in the 

transportation sector to energy requirements in homes, in public spaces to spontaneous energy 

availability. 

 

 

3.1 KEY ELEMENTS FROM ESSAY 

 

This chapter deals with narrowing down of our research by picking key and interesting elements from 

our essays. We took the opportunity to analyze the key insights through Alexela’s business perspectives 

and how the chosen topic could be beneficial for the greater good of Alexela’s daily activities. 

 

 

3.1.1 WASTED ENERGY 

 

Some sources claim that 66% of our environmental impact is directly related to home activities, 

consumption of energy and food. However, as users we are generally unsure about the amount of 

energy we consume, produce and waste.  

 

Energy is harvested, distributed and obtained usually to achieve a certain form and perform a specific 

task for which it is required, after which it transforms again and that form of energy is rarely used again. 

For example, we power our vehicles mostly with petrol which is used to keep them going. They use the 

energy and transform it to kinetic energy which is used to transport us, but nothing else. A big part of 

the energy that has already been generated and invested, goes to waste.  

 

Efforts to use this energy have resulted in technologies such as piezoelectric sensors, that harvest 

energy from pressure or vibrations, or from biogas generation, that harvest energy from food waste 

used to power our bodies. 

 

At the moment, Alexela provides different forms of energy harvested from conventional sources, and 

much of their energy falls into the case of unused energy. 

 

 

3.1.2 ACCESS POINTS 

 

Usable energy is transported to the end user through specific channels but the striking highlight that 

comes to mind in this respect is the availability of these access points at convenient places. For example, 

electricity flows through wires from the generating station (power plant) to the user. The user can 

distribute the continuity of these wires in his/her premises as per priorities and region of maximum 

usage. 
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In the case of Alexela Oil, the filling stations that act as access points for people’s energy needs are rigid 

in nature. This means that people need to travel to these specific points rather than the energy being 

transported to them conveniently as per the user’s needs. 

 

 

3.1.3 ENERGY MANAGEMENT 

 

Homes, vehicles, appliances and systems are increasingly smarter and connected and can be developed 

to have been more efficient in their energy consumption. The concept of the efficiency can reflect into 

the way the object behaves around energy. The future points to product-service systems which smartly 

optimize their charging times connecting to the grid when prices are lower, or powering other devices 

around them, thus making the use of energy efficient and connected.  

For example, a smart home connected to a smart car could identify when the car is not in use and either 

charge it, or use the energy the car already has to power the light in the house. 

 

 

3.2 TRANSPORTATION AND ON-THE-GO CONCEPT 

 

Transportation is a very broad concept. We tried to narrow it down to cars for a start and played with 

the various variables to gather key insights. In the beginning, we looked at various futuristic 

technologies that could support the present endeavor of sustainable mobility & become completely 

independent of the liquid fuel concept. This leads us to complex concepts like MAGLEV (Magnetic 

Levitation) but it turned out to be a nightmare for the present infrastructure in which present cars 

operate. For it to be realistic, roads & cars functioning needs a huge makeover. 

 

However, considering how airplanes get refueled in air without having the need to land at a airport, 

something similar could be figured out on land and a more constructive analysis of how traffic will be 

affected in addition to different stakeholders was given a serious thought. 

 

After thorough discussions, we were able to zero in on the On-The-Go Mobility concept for urban 

transportation systems. This mostly concerns car charging/filling without having the need to actually go 

to a filling station. 
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3.3 CONSTRUCTION OF THE PRESENT SYSTEM 

 

The present petrol station can be elucidated in conjunction with usability and problems through the 

following illustration: 

 

 
Figure 1: Demonstration of present situation 

. 

Apparently, the present analog system comes with a rigid analog mentality and is definitely not ideal for 

on-the-go charging/filling. It gives us the impression of a start and stop framework in which the User has 

to plan his/her activities for the day accordingly rather than the system adapting to the behavior of the 

mobile person. 

 

 

3.4 FUTURE TRENDS 

 

This chapter deals with futuristic technological opportunities in the domain of mobility as a starting 

point. 

 

 

3.4.1 SHARING ECONOMY 

 

During the last decade we have been witnesses to the growth of new economic systems and new 

interactions to deliver both goods and services. Companies like Uber, Airbnb, BlaBlaCar or Ebay, to name 

some, have understood and developed highly-functional business models under an increasingly popular 
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concept: the shared economy. This concept has been recently defined by the Oxford English Dictionary 

(OED) as “: an economic system that is based on people sharing possessions and services, either for free 

or for payment, usually using the internet to organize this”.1 

 

This definition touches on a critical aspect to the popularization of the model: the enabled connectivity 

through means of the Internet, which in 2017 amasses 3.8 billion users around the world.2 This low 

entry-barrier has proved to be enticing and attractive to many users. But however important, the 

Internet is just one of the many enablers that have influenced the development and the quick adoption 

of this model. Economic recession, the availability of big data, the desire to be one’s own boss, and the 

frustration felt by consumers who are unable to access good or services have strengthened the shared 

economy. 

 

Critics have been fast to point out that the concept might be misleading, a rental model disguised 

around an aura of goodwill or charity, and terms like “collaborative economy” or “peer economy” have 

been suggested to describe the practice. However we choose to name the model, it is true that the 

sharing economy provides individuals with access to goods and services that might otherwise be 

otherwise unattainable, thus creating new market opportunities for business and impacting overall 

consumer behavior.  

 

Supporters of the model are quick to point out the benefits that it brings. In a social and community 

level, the model enables relationships where they wouldn’t have been possible before and strengthens 

our social network. Talent and work sharing has been possible in platforms such as Freelancer. The 

flexibility and convenience of the system allows people to work on their own hours, investing their time 

in other activities that might also prove beneficial to social wellness. Moreover, the shared economy 

provides opportunities for new business to grow, it provides platforms for micro-entrepreneurship and 

allows for resources to be more efficiently distributed and to be delivered on-demand.3  

 

Studies into future trends done by the accountancy firm PWC expects the European sharing economy to 

deliver €570 billion by 2025, compared to the €28 billion in 2016.  The firm also shines light on the 

allocation of the capital: service providers are predicted to pocket around 85% of the sharing economy 

capital generated in 2025. 

 

                                                           
1
  Cambridge Advanced Learner’s Dictionary & Thesaurus . (2017). Meaning of “sharing economy” in the English Dictionary. October 

2017, de Cambridge University Press Website: https://dictionary.cambridge.org/dictionary/english/sharing-economy 
2
 Kemp, S.. (January 26, 2017). Digital Data & Trends for Every Country in the World. October, 2017, de We Are Social, Hootsuite 

Website: https://www.linkedin.com/pulse/digital-data-trends-every-country-world-simon-kemp 
3
  Stephany, A.. (July, 2015). Let's own the 'sharing economy'. October 2017, de WIRED magazine Website: 

http://www.wired.co.uk/article/sharing-economy 

https://dictionary.cambridge.org/dictionary/english/economic
https://dictionary.cambridge.org/dictionary/english/base
https://dictionary.cambridge.org/dictionary/english/people
https://dictionary.cambridge.org/dictionary/english/share
https://dictionary.cambridge.org/dictionary/english/service
https://dictionary.cambridge.org/dictionary/english/free
https://dictionary.cambridge.org/dictionary/english/payment
https://dictionary.cambridge.org/dictionary/english/organize
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This growth in the European sharing economy is aided by the “normalization” of the system and the 

concept of sharing economy being intrinsic to our routines and interactions. It is expected that by 2025, 

the shared economy sector will be as big as its traditional counterparts.4 

 

Examples of the shared economy can be found in varied services, but for our research we will address 

two cases: energy, and mobility through a shared economy system. 

 

● Energy Sharing- The Brooklyn Microgrid (BMG)5 

 

The BMG is a system installed in Brooklyn and developed by the firm LO3Energy. This system works on a 

local scale, allowing people in the community to generate, store and trade energy locally. It can operate 

independently from the larger grid and can be powered through renewable resources. In the system, 

peer-to-peer exchange is made possible between users with the help of Blockchain technology. 

 

● Mobility sharing- Taxify6 

 

Taxify is a transportation connecting service provided via mobile app that enables users to find available 

cars in their area to transport them. The system is a peer-to-peer service with an economical transaction 

between them. Unlike other taxi services, the Estonian startup allows any person with a car to become a 

Taxify driver and share their car in exchange for a payment whenever they choose to do so.  

 

 

3.4.2 FUTURE TRANSPORTATION 

 

In the future of mobility, we concluded that four future states of mobility will coexist at the intersection 

of two key trends: the emergence of autonomous vehicles and shifts in mobility preferences giving rise 

to shared access to transportation. 

 

                                                           
4
  PWC. (June 27, 2016). Europe’s five key sharing economy sectors could deliver €570 billion by 2025. October 2017, de 2016 PwC 

Website: https://press.pwc.com/News-releases/europe-s-five-key-sharing-economy-sectors-could-deliver--570-billion-by-

2025/s/45858e92-e1a7-4466-a011-a7f6b9bb488f 
5
 LO3 Energy. (unknown ). The Brooklyn Microgrid. October 2017, de LO3 Energy Website: https://www.brooklyn.energy/bmg-101 

6
  Taxify. (2017). Kuidas Taxify töötab?. October 2017, de Taxify OÜ Website: https://taxify.eu/es/ 



DESIGN & ENGINEERING 

 

Page 13 of 44 
 

 
Figure 2: Mobility states 

FUTURE STATE 1: INCREMENTAL CHANGE 

 

Demand for traditional passenger vehicles is expected to decline as shared mobility and autonomy 

become more prevalent. Car buyers in more densely populated locations where shared mobility options 

are abundant may shift toward future states 2 and 4. And those in suburban and rural geographies—

with longer driving distances where sharing may be less practical—who can afford to buy their own 

autonomous vehicles will likely move into state 3. 

  
FUTURE STATE 2: A WORLD OF CARSHARING 

 

Some estimates suggest that one car sold for use in a car sharing arrangement has the potential to 

displace as many as 11 sales for personal use. Electric vehicles that were not economical when driven 

10,000–15,000 miles annually pay off when instead driven 70,000 miles or more annually as part of a 

ridesharing or car sharing service. 

 

FUTURE STATE 3: THE DRIVERLESS REVOLUTION  
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This future would see proliferation of highly customized, personalized vehicles catering to families’ or 

individuals’ specific needs. As fully self-driving technology finds its way into the market, consumers are 

likely to place much more emphasis than they do today on the rider experience. Vehicles sold in this 

future state are likely to be sold to premium-segment buyers who are less price-sensitive than mass-

market buyers. 

FUTURE STATE 4: A NEW AGE OF ACCESSIBLE AUTONOMY 

 

The fourth future state depicts mobility consumption in autonomous, shared vehicles. 

Mobility management companies and fleet operators are likely to offer a range of passenger 

experiences to meet widely varied mobility wants and needs at differentiated price points. 

The dominant vehicle may be a utilitarian electric pod.  

 

 

 

 

     
Figure 3: Autonomous vehicle on tracks     Figure 4: Autonomous vehicle on wheels 

 

And if far, far fewer accidents occur as autonomous technologies gain collective driving experience, 

many of the heavy parts and systems in the vehicle dedicated to passenger safety may become less 

necessary. 
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After 50k miles it’s cheaper to ride an electric: A Study 

Nissan leaf vs. Honda Civic 

 
Figure 5: Comparative study between Leaf & Civic 

 

 

 
Figure 6: Comparative study between Volt & Golf 

 
https://www.fleetcarma.com/miles-recoup-cost-electric-car/ 

 

https://www.fleetcarma.com/miles-recoup-cost-electric-car/
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3.4.3 CHALLENGES OF MOBILITY 

 

Mobility is broadly defined as the ability to move or be moved freely and easily. In the context of 

Transportation, mobility can happen via air, land, water, etc. This includes airplanes, drones, trains, 

trams, cars, ships, sailboats, boats, ferries, submarines, pipelines, cables, tubes, etc. 

 

A recent study shows that transport energy amounts to some 20% of total final energy use in Europe. 

More than 90% of this is based on petroleum fuels. Passenger transport accounts for about 2/3rd of total 

transport energy. Energy-use in the transportation sector is a major source of air pollutants. These 

pollutants contribute to several local, regional and global environmental problems. At the same time, 

however, transportation contributes quite considerably to the GDP of a country. 

 

The growth of cities is not spontaneous and uncontrollable but guided and shaped by human interaction 

and by physical infrastructure. However, urban expansion around the world is characterized by 

uncontrollable urban sprawl leading to inefficient use of space and natural resources. Interactions 

between humans and opportunities for innovations are constrained by low density and social 

segregation. For the cities and towns to function properly and efficiently, accessibility is essential to 

carry the goods and for services. But accessible cities are being encouraged to shift towards more 

sustainable modes of transportation and draw more travelers in different modes of transport including 

side-walks. Mobility is about more than just the mode of transport available. Urban planning and design 

should focus on how to bring people and places together, by creating cities that focus on accessibility 

and optimal urban densities, rather than simply increasing the length of urban transport infrastructure. 

 

Over 50% of the world’s population lives in cities and around the world, more than 1 million people 

migrate every week from rural areas to cities, imposing huge burdens on the existing infrastructure, 

especially transport systems. This alarming pace of urbanization has been leading to enormous personal 

motorization that drastically aggravates carbon emissions polluting the environment, which in turn 

cause innumerable health problems to humans and even to other life forms. 

 

From a very specific case study in Beijing, China, it has been found that the major parameters that act as 

challenges in road transportation are: 

 

● Pollution 

● Traffic congestion which cripples movement 

● Road safety 

● Parking 

 

After carefully knocking down various elements involved in the mobility ecosystem, the soft issues of 

users that were figured out are safety, adaptability, convenience, population density, trustworthy, 

concern for sustainability, time consumption, involvement (mental and physical) and paradigm-shift. All 

of these could be considered as significant bottlenecks in the context of mobility through the eyes of the 

user. 
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At a more macro level involving stakeholders, the domain of politics takes into account laws, 

affordability and experience curve mechanism are two key ingredients in the field of economics, social 

hemisphere includes cultural, sustainability and acceptability perspectives and technology includes 

integration of manpower and evolving technology. 

 

In light of the challenges that ground mobility proposes, AIRBUS is currently working on a project called 

Urban Air Mobility (UAM). The three categories are defined as the following: 

 

 

●  Vahana- A single person, autonomous flying vehicle. 

● City Airbus- A multi-person taxistyle, piloted vehicle. 

● Skyways- Autonomous drone and infrastructure project. 

 

 

3.5 PEER-TO PEER SYSTEM 

 

A peer to peer network involves individuals who operate in a transparent system to share their items 

through reliability and availability.  

 

In a more formalized form, Peer-to-peer (P2P) is a decentralized communications model in which each 

party has the same capabilities and either party can initiate a communication session. 

 

Based on how the good or item exchange is done, we have found three models of peer-to-peer systems: 

 

1. A system in which the good exchanged is given away the owner momentarily. For example, 

Airbnb. Following is an illustration of how the system of Airbnb works based on the peer-to-peer 

philosophy: 

http://searchsoa.techtarget.com/definition/session
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Figure 7: Airbnb operational framework 

 

 

 

2. A system in which the goods leaves the original owner permanently. For example, EBAY as 

illustrated below: 

 
Figure 8: Ebay working network 
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3. A system in which the service or benefit provided by the good is used by both the original owner 

and a peer at the same time. For example, working principle of Uber as illustrated below: 

 

 

 
Figure 9: Uber working principle 

 

Peer-to-peer systems present many advantages, especially to users. Generating revenue from existing 

goods, working in flexible hours, accessibility, low-barrier entry, and the convenience are just some of 

them. The possibility to change the social landscape and network can be considered neutral collateral 

effects of the implementation of the system, but when designed accordingly, this change can empower 

stronger and healthier communities and local economies. 

 

However, these systems also face several challenges, which, if ignored, can prove to be catastrophic. 

Minimal regulations, unreliability from another peer, abusive companies, lack of guarantees and privacy 

and safety concerns from accessing big data are examples of hurdles the system needs to address to 

become stronger, more efficient and trustworthy. 

An example of a Chinese startup that aimed to share umbrellas is perfect to illustrate the unreliability 

from peers concept. The startup recently made it to press headlines, not because of the service they 

provide, but because they “failed to predict” that users might steal their umbrellas.7 

 

 

                                                           
7
 Erickson, A.. (July 12, 2017). A Chinese umbrella-sharing start-up just lost nearly all of its 300,000 umbrellas. 

October, 2017, de The Washington Post Website: 
https://www.washingtonpost.com/news/worldviews/wp/2017/07/12/a-chinese-umbrella-sharing-start-up-just-
lost-nearly-all-of-its-300000-umbrellas/?utm_term=.789f40b15d1a 



DESIGN & ENGINEERING 

 

Page 20 of 44 
 

4. PROPOSING A QUADRANT THEORY 

 

From the literature review and empirical analysis, we are able to identify four critical blocks that are 

highlighted below: 

 

 TRENDS: According to the annual reports published by the European Environmental Agency 

assigned by the European Commission, the number of electric vehicles sold in Europe in the year 

2010 stood at a minor 700. However, the sale rose 145,000 in the year 2015. But if this number 

is compared with the sale figure of 205,000 in 2016, then an exponential jump of 41% is 

witnessed. 2017 alone saw fresh 310,000 electric vehicles hitting the territorial roads making the 

comparison with 2016 look like a vertical jump of 51%.  
 

 REGULATIONS: It is seen that when government bodies and agencies tweak laws, they 

accelerate change dramatically because common man is forced to abide by the agenda that is 

set forth. To name a few, countries like Norway, Germany and India have already decided on a 

specific year to put a permanent full stop to emission vehicles on road. The respective years 

have been defined as 2025, 2030 & 2030. At a quantitative level, Norway had 3.15 million cars 

on road in 2016, Germany had 45 million cars in 2016 and for India, the number stands at 24 

million. Other countries have also visualized their years when they want to impose such laws. 
 

 INFRASTRUCTURE: In general, fully filling up a gasoline vehicle takes roughly 6 to 8 minutes. 

However, charging an electric vehicle takes a lot of time. According to the data collected by the 

European Environmental Agency, charging 100 km for an EV from a household plug (10 kW AC 3 

phases) takes 3 hours on average. But with fast charging mechanism, it is possible to accelerate 

the charging process. According to our study with regards to Tallinn, the charging machines are 

employed by a monopoly market. The machines are limited and scattered all over the city. 

Additionally, when one car is plugged in (one to one), other cars have to queue up. It is a do it 

yourself mechanism where the physical hose has to be inserted and plugged out. Finally, a 

contract with the vendor is necessary for one to access these machines which take some time. 
 

 

 BEHAVIOR: It was observed that we tend to park our cars at the nearest available spot. It is 

significantly erratic in nature. With the adoption of Evs, planting ‘X’ amounts of machines isn’t 

the desirable answer. And the thought of charging dangling like a carrot over our head, we 

would definitely not want our car to sit idle in a parking lot. 

 

5. FINAL PBOBLEM 

 

Based on our research and analysis we would like to deal with a decentralized energy delivery network 

for charging Evs at any location. The quadrant theory proved to be a key design driver in formulating our 

focused aim and research question in the given context through proper convergence of the concepts. 
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6. CONCEPT 

 

This chapter explains how the problems that were identified are addressed by means of a product that is 

immensely desirable and feasible. It was well understood that the issues were quite intense from a 

magnitude point of view and a fitting solution that can take care of all the finer aspects by looking at the 

larger picture should be elaborate and meticulously thought of. 

 

In the following sub-sections, 3 key concepts will be discussed and the ideal concept from a techno-

commercial perspective will be carried forward. It is to be noted that a comprehensive analysis will be 

conducted categorically and then comparison will be done. The products were obtained by considering 

both design thinking and business thinking frames. It’s imperative to take into account the thoughts of 

the airline company as well because they are the principle stakeholder who will introduce it in the 

market and should be comfortable about the viability of the product ahead of anybody else. 

 

 

6.1 CONCEPT 1 

 

This chapter illustrates the first concept that was developed at a sketch level based on the derived 

quadrant theory.   

 

 

6.1.1 HOTSPOT 

 

This HOTSPOT framework primarily consists of 3 key elements and works as a Product-Service-System. 

The Wireless hotspot is a pivotal component in this concept and is comprised of induction charging 

modules, a battery back-up & internal cables. Additionally, it consists of a trans-receiver aimed at 

receiving and propagating electrical energy from respective cars with a modular system over a range of 

5 to 10 meters. The service network monitors the inflow and outflow of energy through identifying the 

cars by its number plate to keep a check on the billing procedure. The service application clearly shows 

the positioning of the Hotspots and availability of charge on each of them. 

 

 
Figure 10: Key components of Concept 1 
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6.1.2 WORKING PRINCIPLE 

 

In principle, cars containing surplus electrical energy than their immediate need can transmit a certain 

amount of their energy to the Hotspot and cars who are low on their battery levels can reach the 

nearest Hotspot to derive energy from it. Hotspots are figured out through the service application. The 

process is explained step by step through the following illustrations: 

 

 
 

Figure 11: Illustration of an approaching car 

 

 

 
Figure 12: Arrival of the cars close to the hotspot 
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Figure 13: Engagement of the Product-Service-System 

 

 
Figure 14: Transaction in process 

 

 
Figure 15: Multiple energy flow process 
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This system looks seamless and works simultaneously. In general, cars can align themselves close to the 

Hotspot and feed-in and feed-out concurrently creating a peer to peer network. It can easily be 

integrated into the present system as a distribution network with multiple access points and flexible at 

the same time. 

 

From a technological perspective, induction charging is a complex procedure as it needs to take into 

account several physical (environmental) parameters for smooth electrical energy flow at an optimal 

level. Currently, a one-to-one arrangement can achieve efficiency of 85-90%. 

 

From a user-perspective, people with cars can form a decentralized energy sharing network all by 

themselves and the billing takes place using a demand-supply model. In this way, the car with surplus 

energy is motivated to make more money during peak demand hours whereas users with low energy 

have the luxury to get their cars charged at a parking lot. It forms a win-win situation for all parties. 

 

 

6.2 CONCEPT 2 

 

This chapter illustrates the second concept that was developed at a theoretical level based on the 

derived quadrant theory.   

 

 

6.2.1 ON THE GO 

 

This framework consists of induction charging modules (trans-receiver system) hooked to the cars of the 

respective users. Similar to the previous concept, a range of 5 to 10 meters have to be maintained for 

effective movement of electrical energy wirelessly. It works as a Product-Service-System where users 

find cars willing to share their energy via an application. 

 

 

6.2.2 WORKING PRINCIPLE 

 

Primarily, moving cars with surplus energy and willing to share their energy get themselves listed on the 

network through the mobile application. Nearby cars in need of recharging their batteries identify the 

location of the source and align them accordingly with the respective car to form an in-flow and out-

flow network on the go by maintaining a particular distance and speed. This mechanism is valid when 

the cars are driving and bound on a specific route. However, when the cars are bound for different 

routes after a specific period of energy sharing, they separate automatically and the process of finding 

and aligning is repeated. The process is explained step by step through the following illustrations: 
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Figure 16: Car in need of energy sends signal to the common platform 

 

 
Figure 17: Usage of service application to connect with others 

 

 
Figure 18: Alignment process in progress 
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Figure 19: Success in alignment of cars 

 

 
Figure 20: Payments are completed 

 

 
Figure 21: Separation takes place as one car is bound on a different route 
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Figure 22: Coordination in progress 

 

 
Figure 23: Alignment of cars 

 

 

 

This concept is a challenging one because of the number of technical hurdles that needs to be 

addressed. Ideally, the energy sharing happens on the go which means the users can save considerable 

amount of time of charging procedures. 

 

From a user-perspective, a decentralized and personalized energy sharing network can be created. But, 

here only one receivable car can be aligned with a deliverable car making the system slightly rigid. 
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6.3 CONCEPT 3 

 

This chapter illustrates the third concept that was developed at a practical level based on the derived 

quadrant theory.   

 

 

6.3.1 AUTONOMOUS ASSISTANT 

 

This basically is a delivery robot meant to charge electric vehicles irrespective of where they are parked. 

When called via the mobile application, the assistant reaches the vehicle through number plate 

identification and delivers a range of 100 kilometers in 25 to 30 minutes using a semi-fast charging 

mechanism. The entire arrangement works as a Product-Service-System with the robot, re-charging 

infrastructure and Application being the key components. Once done with charging cars, it goes to its 

own min-shelter to recharge itself. 

 

 

6.3.2 WORKING PRINCIPLE 

 

In general, the robot automatically aligns and plugs itself into the car when employed via the 

application. It uses a 2 way energy movement arm acting as a trans-receiver. The operational 

mechanism is explained through the following 2 scenarios: 

 

 

6.3.2.1 SCENARIO 1 

 

This scenario deals with users who are happy to get their cars charged at a supermarket while they shop 

so as to make most of the parking time. 
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Figure 24: The installed mobile Alexela Application is the principle mode of communication between the 

user and the delivery robot. 

 

 

 

 

 

 

 
 

Figure 25: As soon as the application is popped up, the user is able to visualize the positioning of the 

delivery robots in the city and the amount of energy they are able to deliver at that particular moment. 
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Figure 26: The user has the option to select the delivery mechanism on the basis of energy, money, 

duration and range. 

 

 

 

 

 
 

Figure 27: Here the delivery robot books a space in the parking arena of the supermarket and a final 

notification on its location is sent to the user on the application. 
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Figure 28: The user then arrives at the spot and parks itself. The delivery robot starts to align itself as the 

lid of the charging point on the car is opened. 

 

 

 

 
 

Figure 29: The charging process starts immediately after the arm gets plugged into the inlet of the car. 
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Figure 30: As soon as the user-defined charge is complete, the delivery robot automatically detaches 

itself from the car and prepares for its next course of action. A message is sent to the user who is busy in 

the supermarket. Payments are smooth via the Application. 

 

 

 

 

 
 

Figure 31: The delivery robots have their own space where they go to re-charge themselves. 
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6.3.2.2 SCENARIO 2 

 

This scenario deals with a user parking at a spot which is close to his/her own liking. 

 

 

 

 
 

Figure 32: The installed mobile Alexela Application is the principle mode of communication between the 

user and the delivery robot. 

 

 

 
 

Figure 33: As soon as the application is popped up, the user is able to visualize the positioning of the 

delivery robots in the city and the amount of energy they are able to deliver at that particular moment. 
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Figure 34: The user has the option to select the delivery mechanism on the basis of energy, money, 

duration and range. Once this is done, the booking procedure is initiated by the user which is necessary 

for reservation of the robot for the personalization theme. 

 

 

 

 

 
 

Figure 35: The user needs to arrive at the spot in the defined parking zone of the delivery robots. This 

allows the reserved robot reach the car in the shortest amount of time. 
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Figure 36: After parking the car, the user can leave for its end destination as no more indulgence from 

his/her end is required. The delivery robot will arrive through number plate searching mechanism and 

plug-in automatically. 

 

 

 

 
 

Figure 37: As soon as the user-defined charge is complete, the delivery robot automatically detaches 

itself from the car and prepares for its next course of action. An automatic message is sent to the 

Customer alerting him about a job that was well done. Payments are smooth via the Application. 
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Figure 38: The delivery robots have their own space where they go to re-charge themselves. 

 

 

As a closing remark for this concept, the user always has the opportunity to stop the charge at any 

moment through the application in case of an emergency situation. 

 

From a user’s perspective, this delivery robot concept allows the user to park his/her car at will and stay 

independent of the usual charging process. A personalized charging network is created as the user now 

does not have to rely on a rigid and stiff system. On top of this, the billing system is transparent and can 

be viewed in real time via the pocket application. 
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6.4 FINAL CONCEPT 

 

After detailed study and analysis, it was found that the first 2 concepts are not technologically feasible 

from an efficiency point of view. Though, induction charging seems to be the next big thing in the 

context of wireless charging, but, the parametric losses are too high at this moment to be viable 

commercially. Additionally, the second concept (On-The-Go) requires the cars to be very close to each 

other because of the small radius of the developed electric field. The temperature levels developed 

because of the energy propagation becomes significantly high and has the potential to melt the metal 

body of the cars. 

 

Finally, the Autonomous Wagon concept turns out to be the Product-Service-System that addresses the 

quadrant theory and is technologically feasible. The selection happened by carefully weighing options 

and working out different probabilities. 

 

 

 

 

 

 
Figure 39: An illustration of the energy delivery robot when in use & not in use. 
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7. POWERING TOMORROW’S CARS 

 

 

 
Figure 40 

All rights reserved by Arnav Khan, Arno Peever and Sofia Vega Anza 

 

 

 

Välk is an autonomous charging assistant that charges electric vehicles wherever 

they are parked, making them responsive instead of sleeping when not in use. 

Although discreet and simple, Välk powerfully and efficiently completes the task 

it was designed to do: transferring power to cars.  

It delivers around a 100 km charge range in 25 to 30 minutes The on-board charge 

controller categorically controls the energy flow making the synergy robust and quick. 

Välk can be called remotely through a mobile app. It also allows users to choose 

range, duration, maximum cost and energy. As soon as a Välk is booked, it 

searches for the car's number plate and plugs in the bipolar arm by aligning 

itself to kick start the process. When the charging is done, Välk automatically 

departs. 
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7.1 VÄLK APPLICATION 

 

 
Figure 41: Pictoral view of the Välk application. 

 

The mobile application is the sole method of communicating with the energy delivery robot from the 

frame of reference of the user. He/she has the option of employing Välk from a 4 principle options. It 

lets the user know exactly where the robots are situated in the city with specific energy levels on each of 

these units. It provides the customer with a seamless experience of real time monitoring of the charge 

levels. Initially, the customer has to enter the details on the App regarding its car (registration number, 

owner, type of car and other basic information). The billing procedure for the utilized energy is simple 

and robust. The payment is purely digital in nature eliminating the hassle of contracts that was talked 

about in the quadrant theory. 

 

 
Figure 42: Steps to be go through on the application while ordering Välk. 
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7.2 STRUCTURE AND TECHNICAL FUNCTIONALITY 

 

 
Figure 43: Above illustration demonstrates the arm position when in use & how it unwires when 

dormant. 

 

Välk provides a 100 km range in a time frame of 25 to 30 minutes. Modern Electric Vehicles are of 2 

types-Battery Electric Vehicles (BEVs) and Plug Hybrid Electric Vehicles (PHEVs). The former purely runs 

on electric energy while the latter has the option to either use electric energy or emission fuels (petrol, 

diesel, gas, etc.).  

 

Now, batteries understand DC power. So, if a source is AC then it has to be converted to DC so that it 

can be accepted by the battery. There are 4 charging modes according to European Environment Agency 

(EEA)- 

 

Mode 1 (slow charging): allows vehicle charging using common household sockets and cables. It is 
commonly found in domestic or office buildings. The typical charging power level is 2.3 kW. Household 
sockets provide AC current. 
 
Mode 2 (slow or semi-fast charging): also uses a non-dedicated socket, but with a special charging cable 
provided by the car manufacturer. A protection device that is built into the cable offers protection to the 
electrical installations. It provides AC current. 
 
Mode 3 (slow, semi-fast or fast charging): uses a special plug socket and a dedicated circuit to allow 
charging at higher power levels. The charging can be either via a box fitted to the wall (wall box), 
commonly used at residential locations, or at a stand-alone pole, often seen in public locations. It uses 
dedicated charging equipment to ensure safe operation, and provides AC current. 
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Mode 4 (fast charging): also sometimes referred to 'off-board charging', delivers DC current to the 
vehicle. An AC/DC converter is located in the charging equipment, instead of inside the vehicle as for the 
other levels. 
 

The power level of the charging source depends on both the voltage and the maximum current of the 
power supply. This determines how quickly a battery can be charged. More voltage means faster flow. 
 

According to E-Mobility NSR, 2013, 120 kW Mode 4 DC and 50 kW Mode 4 DC requires 10 minutes and 

20 minutes respectively to provide 100 kilometers. 22 kW 3 phase AC Mode 3 (public pole) & 10 kW 3 

phase AC Mode 3 (Household) takes 2 hours & 3 hours respectively. 7.4 kW AC single phase Mode1/2 & 

3.3 kW single phase Mode 1/2 takes 4 hours & 8 hours respectively. 

 

Välk contains a high cycle based 22.5 kWh lithium-ion battery and the whole setup weighs roughly 175 

kilogram (data used from Tesla Model 3 battery). 19.9 kWh delivers 100 km (based on industry average) 

and 2.6 kWh is meant for Välk’s own movement. The battery volume is 60 liters & system volume is 125 

liters. We are using a 40 kW Mode 4 DC delivery mechanism. We don’t need an AC to DC converter as 

the battery on Välk is DC & the battery on the car is also DC. There is an on-board Charge Controller 

which is a principle component as it controls the potential difference & current flow so as to take into 

account temperature levels and maintain the transmission time. We cannot use 120 kW Mode 4 DC as 

the circuitry is massive and weight will be high for us.  

 

As different cars have different pins slots for charging, Välk’s bipolar arm (possesses 2 extremities for 

intake and outflow of charge) has multiple pins to standardize itself based on the Car (Leaf/Tesla/Bolt). 

The dimensions of the tapering cylindrical shape of Välk are: 50 cm x 50 cm x 5 cm. Välk contains 

Swedish wheels typically meant to change directions easily by holding on to a minimalistic form factor. 

 

 

7.3 AUTOMATIC PLUG & PLAY SYSTEM 

 

 

 
Figure 44: Illustration of how the delivery robot plugs in and out of the sockets. 
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One of the key issues from a user perspective that were discussed during the research phase 

surrounded around the customer and how he/she interacts with the present machines. Välk is the 

answer to all sorts of problems in this category. The customer now does not have to plug in and out the 

hose from the car. The delivery robot automatically identifies the car through number plate 

identification and aligns itself to plug in to deliver the requested charge. All interaction happens via the 

application leaving the customer tension-free. 

 

Välk has its own arena to re-charge itself & this place is significantly close to its operational perimeter. 

The re-charging mechanism is quick as it employs fast charging. 

 

At the present moment with electric vehicles rolling out of factories, the lid of the charging arena on the 

cars can’t be opened remotely by the user. It is a minor issue and we are assuming that future cars will 

come up with such features on a mobile application. 

 

 

7.4 OVERALL SAFETY 

 

Safety is paramount while dealing with such a complex Product-Service-System in real environments. 

Välk consists of all the necessary sensors and cameras allowing it to move smartly rather than colliding 

on to people or vehicles. It even is able to distinguish between streets, main roads, footpaths, etc. 

Currently, Välk will be implemented in defined perimeters as a pilot project and the next level of 

implementation will be low key roads and so on. It is able to briskly move away from the path of any 

moving abject and even alert someone by way of an alarm system. 
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8. CONCLUSION 

 

During the research phase, we categorically learnt about the future of mobility by emphasizing on 

trends in the context of our theme-‘Powering Tomorrow’. A quadrant theory was developed carefully 

catering to charging infrastructure, user behavior and strictness imposed by regulatory bodies and 

agencies. 

 

3 concepts were figured out to deal with the hypothesis arrived at the end of textual and empirical 

analysis in a knocked down state but feasibility of two concepts became questionable from a technology 

point of view.  

 

The final Product-Service-System concept could be strongly affirmed as a solution that puts the 

customer at the center of the universe by turning out to be desirable, feasible in the context of available 

technology and viable in terms of business. All the issues of the customer that were highlighted in the 

research phase are easily solved by Välk. It was well understood during explanation of the working 

principle in chapters 6.3.2. Välk provides sharp service to the customer by eliminating any sort of 

physical interaction. 

 

 

 

 

 

 
Figure 45 
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