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VTT Lighthouses address global challenges 
and highlight opportunities for business growth

There are great disruptive forces shaking up the world, industries and our way of life. 
These form complex global challenges. At VTT we see applied research, science and 
technology as the means to resolve the challenges while creating sustainable growth 
opportunities for our customers. We have selected five lighthouses to focus on:

•  Climate action
•  Resource sufficiency
•  Good life
•  Safety and security
•  Industrial renewal 

Climate change, the dwindling of natural resources and expansive popu
lation growth form severe challenges. At the same time digitalisation 
disrupts industries and reshapes current markets and the way of life. 
Resolving the challenges and exploiting emerging business opportunities 
requires dedicated change initiatives and joint collaboration across the 
private and public sector. 

The five lighthouses have been selected by our experts based on a thorough impact analysis, with 
careful consideration to the global benefits of resolving them and turning them into business growth 
opportunities for our customers. Collaborating around these key focus areas means we can employ 
unique Finnish strengths and expertise, and be assured that the efforts benefit the whole society.  
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Climate action

Mitigating the severe effects of climate change 
requires rapid transformations across all sectors. 

Countless mechanical devices, buildings, vehicles 
and production processes need to be modernised, 
and clean energy is needed to power our everyday 

lives and business operations.

Advanced technologies, as well as the digitalisation of business and 
industries, offer opportunities to develop more cost and resource efficient 
processes. Lowcarbon solutions and versatile use of renewable energy  
is needed. We should first address the areas where future-forward solutions 
will bring the greatest benefits: transport, communications, energy and 
industrial production. 

Electrification, advanced biofuels and servitisation are set to revolutionise transportation.  
In ICT, energy efficiency needs to be increased significantly to allow us to make the most of 
highpower connections. Smart and clean energy systems, including carbonneutral production 
and energy storages, as well as flexible consumption are key requirements for the integration  
of mixedsource renewables. Transforming traditional industrial production by introducing climate
neutral processes and renewable resources is an effectual way to future-proof operations. 
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Low-carbon mobility and communications 

Low-emission biofuels, hybrid and electric vehicles are the first implications  
of the transformation in the transport sector. Beyond ecofriendly modes of  
transport, new sharing-economy based mobility services will ease traffic 
congestion and the environmental burden, and make more efficient  
use of resources. The greatest payoffs are expected from innova- 
tions that increase the effectiveness of low-emission mobility,  
whether of the entire system, service concepts, power 
trains or clean energy.

ICT solutions play a key role in the sustainable transformation of all 
industries and the whole society. However, there is ample room  
for improvement in energy efficiency. The development of zero-
energy communication and computing technologies requires 
improvements to hardware and software, while optional  
energy sources will bring greater flexibility and reliability.  
Overall ecodesign, advanced battery technologies,  
the use of energy harvesting and fuels cells form  
the most beneficial development  opportunities  
on a global scale.
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In order to advance a lowcarbon society, power and heat utilities need to  
modernise everything from existing plants to systems, even service models.  
A sustainable future requires flexibility which can be achieved through  
distributed energy production, combining multiple small producers  
and varying sources of renewable energy. New energyharvesting  
technologies enable consumers to contribute to the production  
of energy for the grid. Such vast changes require a multi 
tude of energy storage solutions to ensure overall efficiency. 

Clean technologies, systems and services are in great demand  
and the development of intelligent energy solutions, smart  
grids, energy storage solutions and new prosumer market  
models open up great business opportunities on a global  
scale. Companies interested in becoming leaders in  
smart clean energy solutions need strong foresight,  
market analysis and understanding of policies,  
backed up by high technological competen 
cies for example in the implementation of  
artificial intelligence, 5G, cybersecurity  
and big data.

Energy intelligence

Energy
storages

everywhere

Energy  
system

flexibility

Users 
as energy
producers

Flexible production 
and use  

Smart controllable 
resources

Back-up and grid 
support

Renewable  e lectricity  
to  hydrogen

Electric vehicles 
connected to grid

Flexible cities  
and communities

Personalised use  
and  optimisation

Real-time  
flexibility

Market- participation 
 models

Dynamic and resilient  
energy systems

Open prosumer 
markets

Energy as  
business for all

Renewable  electricity  
to  valuable chemicals

Fuel-cell vehicles 
connected to grid

Grid  
stabilisation

Tim
e/

De
ve

lop
m

en
t



Climate actionVTT Lighthouses 8

The development of renewable hybrid energy systems brings dramatic increases  
in efficiency and reductions in emissions. Radical improvements can be achieved  
with multi-production concepts that harness the efficiencies of circularity.  
Along with sustainable lifetime extensions and decommissioning of nuclear  
plants, there is also a need for new concepts and applications in nuclear  
technologies.

The development of hybrid renewable solutions, systems and services as  
well as novel renewable energy concepts offer vast business opportuni- 
ties. Integrating renewable energy from a variety of sources into advan 
ced hybrid systems and nuclear reactors into the process industry  
demands a unique sets of capabilities, both technology and  
businesswise. Ensuring safety is the topmost concern,  
and together with the localisation of nuclear and waste  
disposal solutions, forms huge market opportunities. 
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The development of processes to capture and store excess carbon dioxide from 
industrial production will help mitigate emissions. Carbon capture and storage (CCS)  
of process and flue gases offers an opportunity to mitigate large amounts of CO2 
emissions, but in the long term we need to transform our process industries  
towards carbon neutrality or even carbon negativity by utilising carbon  
from air or through bioCCS.

The development of carbon capture and storage solutions is an attractive 
business opportunity for companies interested in utilising circularity.  
Transforming heavy industrial production into sustainable zero- 
carbon or even carbonnegative processes can bring savings  
in material acquisitions and reduce emissions. 

Climate-neutral 
industrial processes

Zero-carbon
industry

Indirect  electrification

CCS in energy  intensive industry

Decentralised  production

Products as carbon sinks

Zero-carbon steel

Sub-zero-carbon pulping

Tim
e/

De
ve

lop
m

en
t



Resource sufficiencyVTT Lighthouses 10

Renewable
materials

Sustainable 
non-renewables

Carbon-reuse 
economy Food 4.0



Resource sufficiency 11

Resource wisdom is the key to gaining  
a balance between finite resources and  

ever- growing consumption in order  
to secure resource sufficiency. 

Resource wisdom comprises the smart use of raw materials, as well 
as a holistic approach to the design, manufacturing, delivery and 
use. People’s consumption habits need also to change for the Earth’s 
capacity to sustain life for future generations.

Utilising circularity will allow us to extract maximum value from resources through efficient 
recycling, reuse and the expansion of material life span. We also need to tap into the still 
unutilised reserves, such as byproducts and side streams. The resource pool can be 
further expanded by exploring secondary materials as well as a variety of renewables and 
unconventional raw materials, such as lignocellulose or CO2. Technological advancements  
will revolutionise production and the ways of receiving and using products.

Resource sufficiency 
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Renewable materials do not run dry; they grow and recur. While they  
grow, they bind carbon to mitigate climate change. Renewable raw  
materials can replace fossilbased materials, and may even have  
superior performance. For example, cellulose is rapidly becom 
ing the goto ecological alternative to composites, chemicals  
and plastics.

Companies across the world are interested in renewable raw materials 
and new ways to minimise material use, maximise reuse options,  
and reduce material losses. Research and innovation partners  
join forces to study alternative production processes and  
materials, to pilot the most suitable combinations and  
tointegrate them into best existing and emerging  
processes. Such sustainability initiatives are  
sure to pay off in the future. 
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Non-renewable materials are still needed in a number of industries. With efficient 
circular processes such materials can be reused multiple times and the side 
streams recovered for further use. To mitigate the supply shortage risk related  
to critical raw materials, more easily available substitutes should be used 
whenever possible. Recovering minerals and metals from secondary  
sources is also an option wort exploring.

There is huge business potential in the recycling of electronics scrap 
and marine cluster products into metals and valuable intermediates. 
Companies interested in exploring these opportunities will gain  
the greatest benefits by having the business acumen to develop 
addedvalue service concepts based on recycled materials. 
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Carbon is an important building block for fuels, chemicals and other materials. 
While we strive to reduce carbon dioxide emissions by increased efficiency  
and yield, we can also turn carbon into a raw material for industrial pro 
cesses. In the carbonreuse economy, captured CO2 is used in the  
production of addedvalue materials. 

Carboncapture technologies, and electrolytic hydrogen and 
different conversion technologies are available along with the 
required knowhow in bio and green chemistry. The compa 
nies interested in gaining benefits from captured CO2  
should focus on innovating new business models  
around the reuse of carbon or in building sys 
tems that allow continuous access to  
lowcost lowcarbon electricity.
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Technological advancements help revolutionise food production. Unconventional 
production methods, such as growing fresh produce in closed processes, will  
enable us to feed the expanding population while reducing the environmen 
tal impacts of agriculture and the globalised overcomplex supply chains.  
Novel sources of protein and plantbased resources turned into nutritious  
and healthy foods are in high demand.

The development and the export of new food technologies and transparent 
food systems opens up valuable business opportunities. Companies 
looking for a forerunner position in the food industry of the future  
need to come up with resource efficient solutions for advanced  
food production. Agro and biomaterial and fractionation  
expertise is needed in addition to advanced biotechnol 
ogy, smart manufacturing and business ecosystem  
knowhow.
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Good life 

The quality of life depends on good health, meaningful 
work and comfortable surroundings. The increase in 
automation and digitalisation of business should be 

used to provide benefits for the whole society. Novel 
solutions are needed to increase the sustainability  

of the healthcare system and the resiliency of public 
infrastructure to ensure that the society can thrive.

Ensuring the high quality of care for the entire population with manage
able costs requires that healthcare systems are completely reinvented  
and current processes are streamlined. Advancing digitalisation disrupts 
all industries. While many traditional jobs will be taken over by robots, 
new highvalue jobs are also being created. Coping with the change 
requires fast learning and adaptability from the workforce. 

We need to shift to a more participatory healthcare model with new service concepts  
to ensure quality and sustainability. Innovative business models are also needed to utilise  
the human workforce in a meaningful way while generating benefits across the society.  
Public infrastructure must be constantly redeveloped to serve the expanding population,  
this is a chance to add resilience and adaptability at the same time.
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Increased automation driven by digitalisation and artificial intelligence,  
coupled with the platform economy, promise radical increases in produc 
tivity. At the same time, these advancements disrupt work and everyday  
lives. Coping with the impacts requires the society to adopt new ways  
of working and to support constant learning.

Digitalisation, Artificial Intelligence (AI) and platforms create opportunities 
for new business and for making the society more sustainable and com
panies profitable. Fully capturing the value of disruptive technologies 
requires an understanding of new and traditional technology and 
business, as well as the ability to combine them in novel ways.  
To be among the winners of AIdriven growth requires agility  
and adaptiveness as well as an understanding of the key  
enabling technologies.
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An overhaul of the healthcare system is needed to maintain access to afford-
able and highquality healthcare. Seamless cooperation between the  
private and public operators with integrated peoplecentric pro cesses,  
would significantly improve operational efficiency and the quality of  
care. Improving population health overall offers the greatest ben - 
efits. To achieve this, patients must be encouraged to take a  
participatory role in caring for their own health.

The development of new tools that support a healthy lifestyle 
and solutions for more personalised, preventive and predictive 
healthcare are needed. Healthtechnology products are in  
high demand across the globe. Turning this opportunity  
into a business success requires a combination of  
highqualityR&D in medical sciences, ICT, wear 
able sensors and diagnostic technologies.
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The increasing digitalisation of the built environment is an opportunity  
to improve energy efficiency and the comfort of living. Smart compo- 
nents embedded into buildings and infrastructure can both monitor  
and react to changes in the surroundings. For example, indoor  
lighting and heating can be modified automatically or on-demand,  
locally or remotely. Such solutions rely on embedded sensors,  
connectivity solutions and cloud platforms that enable data  
to be gathered and analysed in realtime. Coupled with  
AI this can increase adaptability and efficiency.

There is a vast market open for smart solutions that pro 
mote sustainability and enable individualised yet efficient  
service provision. Companies interested in developing  
innovative digital service concepts need holistic  
design principles, highend technological com 
petences and usercentric service design  
methodology to create truly useful  
solutions. 
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Safety and security 

We are exposed to a growing number of natural and manmade 
threats. What makes us especially vulnerable to cyberattacks is strongly 
interdependent critical infrastructures and supply chains as well as the 
increasing autonomy of digitalised systems. Precautions are necessary  
to ensure continuity of life, wellbeing and business operations.

To secure operations, we need new means and tools to detect, prevent and recover from 
incidents. In the development of technology, products and systems, risk prevention and 
effect minimisation must be incorporated in the earliest planning phases. The development 
of business continuity and resilience models must rely on holistic and detailed planning. 
All systems should be designed to be flexible and self-adaptive, and to include safety and 
security as inherent features.

To ensure the continuity of business and opera-
tions, the safety of people, governments, compa-

nies and infrastructures must be secured under all 
conditions. The development of smart technologies 

and the adoption of systemic models for compre-
hensive safety and security adds resilience.
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Societies and industries require water, energy and raw materials to operate.  
The availability of vital supplies must be ensured even under exceptional  
circumstances, such as environmental disasters and malicious attacks.  
Companies across industries need added resilience to safeguard their  
increasingly digitalised production systems and realtime supply  
information.

The high global demand for smart and sustainable supply management 
solutions and lean production processes forms an attractive business 
opportunity. The development of supply security solutions, including  
safe storage and smart networks for sourcing of supplies, requires  
the ability to leverage computerised technologies and energy 
efficient processes.
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Digitalised processes are powering everyday necessities, like water, food, 
electricity, telecommunications, health, transport, banking and waste  
recycling. This increases reliability and efficiency, but also vulnerability.  
There are a number of incidental causes we cannot factor in, but we  
need to do all we can to counter malicious threats, such as cyber  
attacks, which pose a risk to critical infrastructures, everyday  
lives and the continuity of business. 

Organisations, governments and individuals are looking for sophisti
cated cybersecurity solutions that integrate seamlessly into their 
systems to help protect against privacy breaches. The global 
market for the development of ever more capable cyber 
security solutions is significant in size, and expected  
to keep on growing. Companies looking to partake  
in the arena should promote wide stakeholder  
collaboration with all the key actors for the  
best results. 
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As the use of autonomous and robotic systems increases so do the  
related security risks. Intentional and unintentional interferences, even 
disturbances within the systems themselves, can have devastating 
consequences. Companies are looking for safety policies and  
procedures, with monitoring, controlling and countering  
technologies and algorithms, as well as feasible ways  
to manage increased amounts of data.

The increase in automation and autonomy opens up interesting 
new business opportunities, and the market for counter
technologies is expected to double every five years. The  
demand for robot deception detection and Control of  
Artificial Superintelligence (ASI) is on the rise, along  
with the development of autonomously travelling  
ships and cars.
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Industrial renewal

Digital transformation shakes up all industries, 
opening up opportunities for business renewal  

and sustainable growth. We should be  
investing heavily in our innovation capabilities  

to secure future operations and to stay  
ahead of the competition. 

Automation, robotics and Artificial Intelligence enable efficient production  
of customised and complex products. Advanced digital solutions help to 
develop increasingly efficient industrial processes and reliable value chains, 
and to creates opportunities for growth through the development of new 
service concepts and smart products. 

Circular economy as well as datadriven economy, supreme customer intimacy and improved 
operational efficiency all open up new opportunities for new and improved business. Companies 
must invest in high innovation capabilities and skilled workforce, which are key requirements  
for the nextgeneration manufacturing and services business. 
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Customers and endusers are increasingly interested in personalised  
solutions adaptable to their changing needs. Sustainable highvalue  
products and services empowered by customers will be the trump  
cards for future success. Intelligent design systems will help com 
panies optimise products and systems holistically, taking into  
account such factors as user experience, performance, energy  
efficiency, environmental impact, maintenance and service,  
and material usage over the whole life cycle.

Companies are looking for advanced digital solutions that enable 
them to build competitive edge, increase revenue growth and 
customer loyalty. Companies that lead in userexperience  
outperform the competition clearly in revenue growth and  
customer loyalty. Digital solutions enforce the power of  
the customer by enabling transparency, new ways of  
interaction and performance optimisation over the  
whole system life cycle.

Design for the future 
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Advances in automation, robotics, artificial intelligence and  additive 
manufacturing are revolutionising production. Mass production 
becomes nearly independent of labour costs, while small batches  
and individual customisation become cost-efficient. Decentralised 
 production may become a preferable option for producing  
highlycustomised products near customers. 

Companies across the globe are looking for ways to holistically 
optimise supply networks for lower losses, more efficient energy 
and resource use. But the complexity of realtime optimisation 
requires cognitive and autonomous solutions with superb  
quality assurance. Developing competitive manufactur 
ing requires business and ecosystem understanding  
backed up by deep process, material and manufac 
turing expertise as well as knowledge of digital  
technologies.
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Global flows of data and information have a higher impact on GDP growth than 
the trade in goods. There are a number of ways to use the value of data to 
build business, such as data management, analysis and delivery. Mean 
while services are the core of outcomeeconomy based business,  
where suppliers contribute directly to operational efficiency and  
core valuecreation processes. 

Building successful business innovations based on data and services 
calls for a visionary approach to disruptions and future markets.  
This requires companies to combine deep domain expertise  
with a thorough understanding of related digital  
technologies.

Disruptive businesses 
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Examples of VTT innovations 

Healthy home-grown crops  
in every kitchen
Coping with urbanisation and the environmental burden 
of agriculture create a need for new food production 
methods. We envisioned a home appliance that produces 
healthy ingredients fast.

We designed a plantcell bioreactor that can utilise plant cells, 
nontraditional food crops, such as birch, and tailored cell lines 
with increased nutritional value. The first 3D-printed prototype is 
already producing harvests. We are developing different product 
ideas in collaboration with consumers and aim to commercialise 
the appliance so that it fits into any home kitchen. 

Shaping the future  
of clean energy 
There is an increasing need to address 
sustainable decarbonisation of future 
energy systems and the whole society. 
Stakeholders throughout the energy value 
chain need support in formulating new strategies,   
policies and concepts.

We have developed an advanced energy system modelling and 
simulation environment that enables holistic analysis of energy systems. 
Our solutions help increase efficiency in the use of natural resources, 
raise the competitiveness of clean and smart energy systems and 
support the creation of new consumercentric business models. 
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3D-printed wound care  
with nanocellulose 
Biobased materials are an attractive alternative to many 
chemicals. Cellulose Nanofibrils are manufactured from 
cellulose or production side streams. We discovered that 
its mechanical strength, moisture tolerance, rigidity and 
flexibility make it suitable for 3D printing. 

We have developed a 3D-printed wound care gel that helps promote 
the growth of new skin cells. Our prototype combines nanocellulose 
and printed electronics into a single product which measures wound 
healing. The work is carried out in collaboration with the University  
of Tampere, funded by The Academy of Finland, under the BioDisp3D 
programme. 

A filter for a mobile-phone camera 
to help detect skin cancer
Hyperspectral cameras have traditionally been used in medical, 
industrial and space applications. We created the world’s first 
hyperspectral mobile device by converting an iPhone camera
into an optical sensor. 

Our innovation opens up vast opportunities to develop lowcost 
consumer applications utilising spectral imaging. We have   
experimented with a wide range of applications, including the  
diagnosis of skin cancer, nanosatellites, drone applications,   
as well as the remote measurement of emissions. We will work  
together with companies looking to bring their own innovative 
hyperspectral solutions to the market.



We believe that a brighter future is created  
through science-based innovations

Led by the five VTT Lighthouses, we find new growth 
opportunities for our customers and feed sustainable renewal  
of the whole society. This will be achieved by advancing science 
with applied research, by developing new technologies and by 
generating innovative solutions. 

VTT Technical Research Centre of Finland Ltd
P.O. Box 1000 (Vuorimiehentie 3, Espoo)
FI-02044 VTT, Finland

Tel. +358 20 722 111
www.vttresearch.com
lighthouses@vtt.fi 

Find #VTTpeople in social media – follow @VTTFinland!


