
SMART NUCLEAR FROM FINLAND
FINLAND, LEADING THE WORLD IN THE FINAL DISPOSAL OF SPENT NUCLEAR FUEL, 
OFFERS STRONG NUCLEAR KNOW-HOW ON THE SMARTEST FUTURE ENERGY 
SOLUTIONS
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In Finland, significant proportions of electricity are 
generated by nuclear power, hydropower and co-generation 
with either district heating or industry. 

One nuclear power plant unit is under commissioning and 
another nuclear newbuild project is ongoing. These will 
further increase the share of nuclear power and carbon-
neutral power generation and decrease dependency on 
imported electricity. 

Finland has ambitious goals related to climate change 
mitigation, and nuclear energy is seen as a key part of the 
fossil-free energy mix. 

There is keen interest in developing small modular reactors 
and non-electric uses of nuclear energy for district heating 
as well as for the production of industrial heat, hydrogen, 
chemicals and synthetic fuels. 
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https://energia.fi/en/newsroom/publications/energy_year_2020_-_electricity.html#material-view


WHY FINLAND?
FUTURE REGULATION

The backbone of successful nuclear power production in Finland 

is strict regulation and inspection based on legislation. 

The Ministry of Economic Affairs and Employment (MEAE) is 

responsible for supervising nuclear power operation and waste 

disposal. The National Nuclear Waste Management Fund 

operates in connection with the Ministry. 

The countryôs Radiation and Nuclear Safety Authority (STUK) is 

responsible for regulation and inspection as well as advising on 

licensing. It operates under the Council of State, which licenses 

major nuclear facilities including uranium mines. STUK is 

administered by the Ministry of Social Affairs and Health and is 

supported by four advisory committees ïnuclear safety, radiation 

safety, security and general.

Source: World Nuclear Association, STUK

Technical/industrial standards, STUK advice

YVL and VAL series of regulatory guides, 
Decision of STUK

STUK regulations

Decrees of the Ministry or 
Government

Radiation Act 
Nuclear Energy Act

Constitution

https://world-nuclear.org/information-library/country-profiles/countries-a-f/finland.aspx
https://www.stuk.fi/web/en/regulations


WHY FINLAND?
SOCIAL ACCEPTANCE

Support for nuclear power in Finland is at an almost record level, and the 
trend is ascending. Especially among young people, support has more than 
tripled in a year. This is partly a reaction to the International Climate Report 
in 2018, but it also shows trust in the safety and efficiency of Finnish nuclear 
plants that has been achieved by consistent and thorough work.

Key factors include:

Å Effective nuclear plant upgrades to assure outstanding safety

Å Sustainable waste management, including regulatory control

Å Comprehensive regulation covering all phases from power plant planning 
to waste management and plant decommissioning

Å Extensive inspections and regularly performed safety reassessments 
throughout the plantôs life cycle based on strict regulations

Å High-level education and research

49% 
support 

nuclear power 

Source: Finnish Energy

16% 
donôt support 
nuclear power 

https://energia.fi/uutishuone/materiaalipankki/ydinvoiman_korkea_kannatus_heijastelee_huolta_ilmastosta.html


ONKALO® consists of a spiral-shaped access tunnel, four 
vertical shafts, tunnels and technical rooms. The repository is 
constructed to a depth of 400ï430 meters. 

By 2020, approximately 10 km of different kinds of tunnels had 
been excavated in the Olkiluoto bedrock. During disposal 
operations, some 40 km of new tunnels will be produced.

The ONKALO facility is being developed and constructed by 
PosivaLtd, a private subsidiary of the Finnish nuclear energy 
operators TVO and Fortum.

Read more

ONKALO® FINAL DISPOSAL FACILITY 
FOR NUCLEAR WASTE

Finland is a pioneer in the final disposal of spent fuel. No other country has yet reached the 
implementation phase of final disposal. Many countries using nuclear power have final disposal facilities 
for low- and medium-level waste. Yet, the final disposal of high-level spent nuclear fuel has not yet been 
launched anywhere else beyond the planning phase.

Picture courtesy: Posiva
ONKALO® is a registered trademark of PosivaOy

https://www.posiva.fi/en/index/finaldisposal/researchandfinaldisposalfacilitiesatonkalo.html


DECOMMISSIONING FiR1 
RESEARCH REACTOR

FiR1 is a research nuclear reactor on the Otaniemi university campus used 
for training, research, isotope production and medical purposes. Preparation 
for dismantling is ongoing. The project is commissioned by VTT Technical 
Research Centre of Finland Ltd and carried out by Fortum Ltd.

Decommissioning will progress as follows:

ÁPlanning phase ï2020 ï2022
Á Planning the dismantling 
Á Radiation safety planning as pertains to dismantling 
ÁWaste treatment, characterization and disposal

ÁExecution phase ï2022 ï2023
Á Setting up the site
Á Operational radiation safety
Á Actual dismantling work
Á Clearance of the site

ÁWaste handling phase ï2023 ïX
Á Packaging and transportation
Á Final storage and disposal

ú23.5 million
For FiR1 in Waste 
Management Fund 

(2019)

21.4 kg 
Used uranium sent for 

re-use in the US

100 m 3

Low- and medium-level 
nuclear waste for 

disposal

https://www.vttresearch.com/en/about-us/what-vtt
https://www.fortum.com/


WORLD-CLASS EDUCATION

Aalto University

Nuclear materials and 
engineering 

Nuclear safety

Engineering physics

Geoengineering

Tampere University

Materials science

Environmental and energy 
engineering

Politics

University of Helsinki

Radionuclide transport and 
retention in rock and clay

Radiochemistry

Geology and geophysics

University of Eastern 
Finland 

Environmental physics, 
health and biology

Science and forestry

University of 
Jyväskylä

Nuclear and 
particle physics

University of Oulu

Theoretical physics

Geosciences

Lappeenranta 
University of 
Technology

Nuclear engineering

University of 
Turku

Physics

Geology

The safe use of nuclear energy requires in-depth knowledge that is generated through a diverse 
range of studies and long-term research.

https://www.aalto.fi/en/department-of-applied-physics/nuclear-materials-and-engineering-nume
https://into.aalto.fi/display/ensivuaineet2018/Aalto+Nuclear+Safety
https://www.aalto.fi/fi/koulutustarjonta/masters-programme-in-engineering-physics
https://www.aalto.fi/fi/koulutustarjonta/masters-programme-in-geoengineering
https://www.tuni.fi/fi/tule-opiskelemaan/engineering-materials-science
https://www.tuni.fi/studentsguide/curriculum/degree-programmes/tut-dp-g-1162?year=2020
https://www.tuni.fi/en/about-us/politics#switcher-trigger--research
https://www2.helsinki.fi/en/researchgroups/nuclear-waste-disposal/research
https://www2.helsinki.fi/en/researchgroups/radiochemistry
https://www2.helsinki.fi/en/admissions/degree-programmes/geology-and-geophysics-masters-programme
https://www.uef.fi/en/degree-programme/doctoral-programme-in-environmental-physics-health-and-biology
https://www.uef.fi/en/faculty-of-science-and-forestry
https://www.jyu.fi/en/apply/masters-programmes/masters-degree-programmes/nuclear-and-particle-physics
https://www.oulu.fi/nanomo/node/45966
https://www.oulu.fi/oms/node/26887
https://www.lut.fi/web/en/admissions/masters-studies/msc-in-technology/energy-technology/nuclear-engineering
https://www.utu.fi/en/university/faculty-of-science/physics-and-astronomy
https://www.utu.fi/en/university/faculty-of-science/geography-and-geology/studying


COMPUTATIONAL METHODS 
FOR PREDICTING RADIATION
DAMAGE IN MATERIALS

Aalto University conducts research on 
the following topics:

Å early-stage displacement damage in 
structural materials under neutron 
irradiation, through large scale 
atomistic simulations

Å electron microscopy image 
simulation and modelling of radiation 
induced defects

Å dislocation mobility in irradiated 
material

Read more

RESEARCH HIGHLIGHTS

THERMAL HYDRAULICS AND 
FLUID DYNAMICS

Lappeenranta University of 
Technology is working on research 
areas including:

Å Thermal hydraulics for nuclear 
power plants, including experiments 
in thermal and fluid dynamics as well 
as accident situation and safety 
analyses

ÅResearch related to the fourth 
generation of gas-cooled reactors, 
especially in reactor physics and 
thermal hydraulics modeling

Read more

RADIOACTIVITY AND WASTE 
MANAGEMENT

Helsinki University is researching:

Å Ion ex change ïapplications and 
research on the fundamentals of 
separating harmful or useful 
chemical trace components 

ÅNuclear waste man age ment ï
providing services from structure 
characterization to transport 
modeling

ÅRadioecology ïalmost 50 years of 
experience in environmental 
radioactivity, radioecology and 
atmospheric radioactivity 

ÅRadi onuc lide re action and fate ï
naturally occurring radioactive 
material (NORM) wastes, 
contaminated land management, 
nuclear accident response and 
environmental radiochemistry

https://www.aalto.fi/en/department-of-applied-physics/nuclear-materials-and-engineering-nume
https://www.lut.fi/web/en/school-of-energy-systems/nuclear-engineering/research
https://www2.helsinki.fi/en/researchgroups/ion-exchange-for-nuclear-waste-treatment-and-for-recycling
https://www2.helsinki.fi/en/researchgroups/nuclear-waste-disposal
https://www2.helsinki.fi/en/researchgroups/radioecology
https://www2.helsinki.fi/en/researchgroups/radiochemistry/radionuclide-reaction-and-fate-group


ENGINEERING SIMULATORS 
AND SAFETY ANALYSIS

VTT and Fortum have jointly developed 
Apros®, a comprehensive, accurate and 
user-friendly software product for 
modelling and dynamic simulation of 
power plants, energy systems and 
industrial processes.

Apros is being actively used all over the 
world by nuclear power plant owners for 
safety analysis, engineering support, 
automation testing and operator training. 
It is also used by regulators for 
independent safety analysis, and by 
universities for research and education.

Apros is a registered trademark of VTT and 
Fortum.

Read more

EXPERT IN GEOLOGICAL 
RESOURCES

GTK Geological Survey of Finland is an 
internationally oriented geoscience 
research agency operating under the 
Ministry of Economic Affairs and 
Employment. 

The nuclear power sector focuses on the 
geological disposal of nuclear waste, 
nuclear power plant site selection and 
researching long-term safety aspects of 
radioactive waste disposal.

GTK offers diverse expert and research 
services:
Å Data sets and online services ïgeo.fi
Å Energy and construction
Å Geodata management
Å Mineral economics
Å Circular economy
Å Water
Å Environment

Read more

RESEARCH HIGHLIGHTS

NUCLEAR DECOMMISSIONING

VTT Technical Research Centre of 
Finland is a fully state-owned company 
steered by the Ministry of Economic Affairs 
and Employment. 
VTT provides technical and business 
development support to companies 
interested in nuclear projects.

Based on experience from the FiR1 
decommissioning project and by using 
competences within VTT and the 
ecosystem, VTT develops new ways to 
carry out decommissioning in less time 
and at lower costs ïin a safe and 
sustainable manner. Digital technologies, 
such as virtual and augmented reality and 
robotics, play a big role in planning, 
optimization, training and implementation. 
These skills are being developed in VTTôs 
dECOmm project

Read more

http://apros.fi/
https://www.gtk.fi/en/this-is-gtk/
https://www.decomm.fi/
https://www.vttresearch.com/en/ourservices/nuclear-decommissioning


SMALL MODULAR REACTORS (SMRS)

Small modular reactors are an emerging market for both existing players in 
the nuclear industry and companies offering or needing low -carbon solutions. 
Small reactors have the potential to provide an alternative to the use of fossil 
fuels in district heating and industrial applications. Urban and industrial heat 
use has significant CO 2 reduction potential. 

As producers of technology and services, Finnish companies have a place in the supply chains of new 
thermal solutions and the integration of SMR solutions. The first SMR technology experts can become 
involved in international deployment projects through consulting work and supply chain experience.

Licensing and placement of small reactors are the first issues on the market. Finnish actors have the 
know -how that can be applied to SMR projects.

VTT Technical Research Centre of Finland is the coordinator of the ELSMOR project for European SMR 
licensing practices. VTT coordinates Finlandôs SMR ecosystem, networking and co-innovating with various 
stakeholders. VTT is developing LDR, low-temperature district heating and desalination reactor technology.

LUT University Nuclear Engineering laboratoryin Lappeenranta, Finland, has been the custodian of Finnish 
nuclear safety competence since 1975. Its most recent development is an innovative concept for an 
inherently safe small district heating reactor ïthe LUT HEating Reactor, LUTHER.

Source: SMR ecosystem Finland

https://www.vttresearch.com/en/about-us/what-vtt
https://www.ecosmr.fi/
https://www.lut.fi/web/en/school-of-energy-systems/nuclear-engineering
https://www.ecosmr.fi/


NUCLEAR ECOSYSTEM IN FINLAND

SITE ACTIVITIES
DESIGN AND 

ENGINEERING MANUFACTURING CONSULTING OTHERSLICENSEES

Finnish advanced nuclear programs have been achieved through the joint activities of licensees and their ecosystem, 
which includes suppliers, contractors and research institutes. Finnish subcontractors are organized under the FinNuclear 
Association. It promotes Finnish companiesô general preconditions, cooperation, competences and international profiles in 
manufacturing, construction and service activities in the nuclear energy field.

http://www.finnuclear.fi/
http://www.finnuclear.fi/


WORLD-LEADING FINNISH NUCLEAR EXPERTISE
Responsibility for the entire life cycle of nuclear power goes hand in hand with long -term commitment ïbeyond the end of 

nuclear power plant operation to plant decommissioning. A high record of safety and a cost-effective operating history 

enable life extensions of the units. Nuclear power plants in Loviisa and Olkiluoto, for instance, have been operating safely 

for over 40 years. Waste management is an integral part of the life cycle, and a plan to handle it is already required in the

application phase of a construction license.

LIFE-CYCLE MANAGEMENT DECOMMISSIONING
RADIOACTIVE WASTE 

MANAGEMENT

Continuous improvements and 
modernization have made Finnish power 
plants among the most efficient in the 
world. Independent internal and external 
monitoring ensures safe operations. This 
is enabled by a high level of education, 
strategically focused research, 
continuous development and robust 
competence management among power 
companies and a strong network of 
suppliers and contractors.

Nuclear power plants in Finland are not 

yet in the decommissioning phase but 

plans for procedures, techniques and 

costs already exist. These plans have 

been updated systematically over the 

decades. 

Valuable experience for planning and 

implementing decommissioning will be 

gained from the ongoing closure of the 

Otaniemi research reactor.

At the moment, Finland is one of the 
worldôs leading countries in the final 
disposal of spent nuclear fuel. This is 
due to extensive research, development 
and design over the decades by Posiva
and its network of suppliers, 
contractors and research institutions.
Posivahas constructed ONKALO® , the 
underground research facility. Currently 
under construction, it will be part of the 
final repository for spent nuclear fuel.



LIFE -CYCLE 
MANAGEMENT
Å Effective upgrading

Å Continuous maintenance

Å Continuous improvement, independent internal and 

external monitoring

Å Competence management

Å Network of suppliers and contractors

ADIABATIX OY

AFRYOY

BARONA TEOLLISUUS OY

BUREAU VERITAS

CLENERCON OY

E. HELAAKOSKI OY

ECONIA OY

EEZY

ENERSENSE INTERNATIONAL OYJ

JOTUS OY

KIWA OY

PATRIA AVIATION OY

PEIKKO OY

PLATOM OY

QSI CONSULTANCY GROUP

QUALIFINN OY

RAMIRENT FINLAND

REFINEC OY

SGS FIMKO

STUK INTERNATIONAL

TELATEK SERVICE OY

TVO NUCLEAR SERVICES

VTT



OUR SOLUTION

Since 2000, Adiabatix has designed, 
manufactured and installed reflective metallic 
insulations (RMI) for primary components in 
nuclear power plants (NPPs). In addition to its 
excellent insulation properties, Adiabatixôs 
patented technology helps you achieve significant 
savings in life-cycle costs and notable 
improvements in occupational safety at the same 
time. Adiabatixôs technology is ideally suited for 
sound, thermal and refractory insulation in 
sectors that face insulation challenges and that 
must meet strict nuclear requirements.

COMPETITIVE ADVANTAGE

Thanks to its modular structure, the Adiabatix 
product is easy to install, dismantle and reinstall 
during servicing operations. No special tools are 
needed to open the module, as the lock can be 
opened with a normal hex key. The modular 
components are light and easy to handle, even 
by one person alone.

Quick installation and dismantling save a 
considerable amount of time and simultaneously 
reduce maintenance personnelôs exposure to 
radiation. 

Thanks to the productôs structure, maintenance 
work can be performed twice as fast as with 
traditional solutions.

COMPANY

We supply products for nuclear power 
generation, shipbuilding, power plants and the oil 
and gas industry. Our customers include 
Scandinavian nuclear power plants and many of 
the worldôs best-known engine manufacturers. 
Our insulation for engine exhaust manifolds 
serves hundreds of cruise ships.

Adiabatix Oy is part of the largest energy hub in 
the Nordic countries.

REFERENCES

Å Forsmark NPP, Adi-NGr (reflective metal 
insulation)

Å Forsmark NPP, main steam isolation valve 
(MSIV), Adi-NG (cassette insulation)

Å CCI AG Test laboratory, Adi-NG

Å Fortum, Loviisa Power Plant, safety valve 
insulation modules

ADVANCED 
INSULATIONS

Jerker Kullberg, CEO

jerker.kullberg@adiabatix.fi

+358 400 600 380

www.adiabatix.fi

mailto:jerker.kullberg@adiabatix.fi
http://www.adiabatix.fi/


SUPPORTING CONTINUED 
OPERATION WITH OPTIMUM 
SAFETY AND PERFORMANCE

OUR SOLUTION

AFRY supports the long-term operation of existing 
nuclear power plants, power upgrades and the 
optimization of plant maintenance and operational 
management. Our techniques include probabilistic safety 
assessments, developing risk management tools and 
various state-of-the-art digital solutions. AFRY reliability, 
availability, maintainability and safety (RAMS) tools 
support our clientsô operational excellence and increase 
safety. 

AFRY also offers nuclear players support in strategy and 
scenario development, evaluation of commercial models, 
energy market analysis and forecasting, and operating 
model implementation and improvement. 

Moreover, AFRY has strong expertise in environmental 
issues. We have carried out nearly all the nuclear 
environmental impact assessments (EIAs) in Finland.

COMPETITIVE ADVANTAGE

AFRY has developed many long-term relationships to 
support the continued operation of nuclear assets by 
providing innovative solutions for difficult problems. With 
our global reach and experience with different types of 
projects in a variety of countries, we offer our clients 
solutions based on experience gained from real projects. 
We have roughly 1,000 nuclear experts with a variety of 
skill sets. 

They have both excellence in all technical disciplines as 
well as extensive engineering and project management 
capabilities. This enables us to deliver turnkey solutions, 
projects or high-level expert support in specific areas.

COMPANY

AFRY is a European leader in engineering, design and 
advisory services. We have 16,000 experts devoted to 
infrastructure, industry, energy and digitalization. 

We have been working in the nuclear industry since its 
infancy, successfully carrying out projects that deal with 
everything from full -service undertakings to highly 
specialized details. At any stage of your project life cycle, 
we support all relevant aspects related to nuclear assets. 
Our services span safety to technical solutions to their 
economics, fulfilling a wide range of complex client needs 
from strategic advice to design and licensing to 
construction, operation, decommissioning and waste 
management. We cover the whole plant life cycle.

REFERENCES

We have extensive experience in life-cycle management 
from a number of nuclear clients. In addition to providing 
services for all Finnish nuclear companies, AFRY has 
supported all Swedish nuclear power plants in areas 
related to safety reviews, aging management, 
digitalization such as digital twins and virtual reality, plant 
upgrades and O&M.

Jari Kuikka , Director, Nuclear Energy

jari.kuikka@afry.com

www.afry.com

mailto:jari.kuikka@afry.com
http://www.afry.com/


HIGH -QUALITY SOLUTIONS 
FOR LIFE-CYCLE 
MANAGEMENT

Minna Vanhala -Harmanen, CEO

minna.vanhala-harmanen@barona.fi

+358 400 511 786

www.barona.fi/en/services

OUR SOLUTION

Barona specializes in human resources 
management for roles at all levels. We 
find competent workers as well as top 
international talent, both in Finland and 
abroad, to work for your business. With 
years of experience, we offer site 
management services ranging from 
access control to licensing, regulatory 
affairs as well as labor and competence 
resource management.

COMPETITIVE ADVANTAGE

We have 15 years of experience in 
diverse resourcing projects and 
maintenance with top organizations in 
the nuclear power industry in Finland and 
abroad. 

We operate with broad international 
expertise in 11 countries and are familiar 
with the actors in the nuclear power and 
energy production sector in Finland and 
globally. Our experts are widely 
experienced professionals in the energy 
production industry. We always customize 
our services to meet the changing needs 
of our clients.

COMPANY

We are the leading industry recruitment 
and temporary staffing service provider in 
Finland. We challenge traditional ways of 
working and always seek opportunities in 
places where others havenôt yet looked. 
We offer reliable, professional workers for 
all situations and needs in nuclear power 
production.

mailto:minna.vanhala-harmanen@barona.fi
http://www.barona.fi/en/services































































































