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Prologue

In practice, safety cuts across disciplines. It is necessary and enriching to 
understand and deal with risk by multidisciplinary and interdisciplinary 
approaches. The ROSS Gemini Centre (ROSS is a Norwegian acronym for 
Reliability and Safety Studies) consists of seven research groups at the 
Norwegian University of Science and Technology (NTNU) and SINTEF who 
are gathered to strengthen safety research in Trondheim.

To show the multidisciplinary approaches at the centre, this magazine 
provides insight into research activities, theoretical perspectives and 
education at NTNU and SINTEF. The magazine is a mix of interviews and 
short texts by members of the ROSS Gemini Centre and others related to 
the Gemini Centre, e.g. the Tryg insurance company.

The articles cover many perspectives and activities: from engineering to 
social sciences; from applied research to education; from implementation 
and follow-up of measures to risk assessment; from social safety to  
human factors; from complex technology to action research; and from 
loss prevention to accident investigation and learning. All together, this 
represents the centre’s advantage with regard to practical solutions, 
research activities and offered education. 

The work with this magazine has been done as part of the collaboration 
between the ROSS Gemini Centre and Tryg insurance company, who have 
been arranging the popular scientific conference “the Safety Days”  
every year since 1985. This conference has been using the slogan “Safety 
must be created and recreated every day. There are no final solutions.  
Unfortunately.” This magazine gives an impression of how the ROSS 
Gemini Centre and Tryg insurance company work together to create and 
recreate safety every day. We have thus used the same slogan as the title 
of this magazine.

In 2011, a Norwegian version of this magazine was published. The maga-
zine you hold in your hands is a translated version of the 2011 magazine. 
Some articles have been updated and two articles have been added.

Enjoy reading the magazine 
Eirik Albrechtsen and Jan Hovden
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the Safety dayS 
(SikkerhetSdagene) 
Some thoughts about collaboration between NTNU and Tryg 
 
Professor Jan Hovden   
Dep. of Industrial Economics and Technology Management, NTNU   
Contact: jan.hovden@iot.ntnu.no 
 
 I have been participating in the Safety Days since they started, 28 years 
ago. In the early years the conference was driven by a statistics professor 
named Arnljot Høyland and Einar Matson, a professor in industrial  
 

memberS of the roSS  
gemini centre
RAMS Group, Department of Production and Quality Engineering, NTNU 
The Reliability, Availability, Maintainability and Safety (RAMS) group 
provides courses and carries out research into reliability analysis, risk 
analysis and maintenance management. In addition to the extensive range 
of courses making up the five-year Master’s degree program at NTNU, the 
RAMS group also offers a two-year international Master’s degree program 
and a wide range of continuing education courses. 
 
The Health, Environment and Safety (HES) Group, Department of  
Industrial Economics and Technology Management, NTNU 
The HES group is the only university group in Norway that provides  
a two-year Master’s degree program in HES open to engineering and  
natural sciences students. Safety, including safety management and  
risk governance are key areas; it includes all aspects of safety, from minor 
occupational accidents to major incidents and catastrophes. 
 
Risk and safety management of marine systems,  
Department of Marine Technology, NTNU 
This group provides Master’s degree programs on “Safe Operation and 
Maintenance” and “Risk Analysis and Safety Management of Maritime 
Transport”, in addition to continuing education programs. The group works 
in close cooperation with the maritime industry through research projects. 
 
The Center for Safety and Human Factors, Dep. of Psychology, NTNU 
The group is focused on the development and strengthening of  
scientific psychology in safety research. Research includes perspectives on 
safety, human factors research and risk psychology. The aim is to contribute 
to research at NTNU in these areas and to continue 88to develop a strong 
international network. 
 
Studio Apertura, NTNU Samfunnsforskning  
Studio Apertura has significantly expanded their activities in safety-related 
research over the past ten years, with organizational theory as the founda-
tion and starting point. This multidisciplinary group includes research-
ers with a background in psychology, sociology, anthropology, pedagogy, 
geography and technology. 
 
Electric Power Systems, SINTEF Energy  
The department is working on different aspects of the analysis of energy  
systems and critical infrastructure. Important areas of research are risk-
based planning, the operation and maintenance of electric power systems 
(including offshore wind), risk and vulnerability analysis with a focus on 
High-Impact Low-Probability events, vulnerability indicators, failure statistics 
and smart grids. 
 
Safety Research, SINTEF Technology and Society  
The department combines engineering science and social science approaches 
to risk and vulnerability research. The aim is to carry out analyses and 
develop new knowledge concerning the interactions between humans, 
technology, organizations and safety. 

SAFETy DAyS (“SIkkERHETSDAGENE”):

- ARRANGED EVERy yEAR IN TRONDHEIM

- INITIALLy THE RESULT OF A COLLABORATION BETWEEN 
 THE ROSS GEMINI CENTER AND THE TRyG INSURANCE COMPANy

- WERE HELD FOR THE FIRST TIME IN 1985

- COVER A WIDE RANGE OF TOPICS RELATED TO DIFFERENT  
 INDUSTRIES, ARENAS AND TyPES OF HAzARDS AND THREATS

- THE MOST IMPORTANT VENUE IN NORWAy FOR KNOWLEDGE  
 DISSEMINATION AND ExCHANGE OF SAFETy-RELATED ExPERIENCE

- A MEETING PLACE FOR REPRESENTATIVES FROM DIFFERENT  
 SECTORS OF INDUSTRy, GOVERNMENTAL AGENCIES AND ACADEMIA

roSS gemini centre 
Reliability and Safety Studies at NTNU/SINTEF 
 
Professor Stein Haugen  
Department of Production and Quality Engineering, NTNU 
Contact: stein.haugen@ntnu.no 
 
The ROSS Gemini Centre is a strategic cooperation between NTNU and 
SINTEF aimed at developing knowledge, methods and tools that can 
contribute to preventing accidents causing serious injury to people,  
damage to the environment and material values or that can threaten 
critical infrastructure. 
 
The objective of the centre is to provide a solid basis for NTNU and 
SINTEF together to identify and realize opportunities to build robust and 
internationally recognized research groups within the safety and reli-
ability area. Together, NTNU and SINTEF have one of the largest groups 
of researchers in the world within the safety and reliability field. The 
ROSS Gemini Centre is a contributor to profiling the joint resources and 
competence. 
 
Another important activity for the ROSS Gemini Centre is to coordinate 
and develop the portfolio of courses and education provided by the ROSS 
partners. The courses cover safety and reliability aspects from different 
angles, from engineering and technology, through management and soci-
ology to psychology. This means that all aspects of the Man-Technology- 
Organization perspectives on safety are covered. These courses are  
offered to master students and PhD candidates at NTNU, but in addition, a 
whole range of courses are also offered as continuing education courses.  
 
ROSS also focuses on the development of joint project initiatives. This 
includes projects for the government and authorities, for industry and the 
research council and EU projects.  
 
Some of the focus areas that the ROSS partners are working on are 
system reliability and RAMS, risk-based safety management, risk percep-
tion, organizational safety and the vulnerability of critical infrastructure.  
The knowledge we are developing is used in important areas like  
integrated operations, oil and gas activities in Arctic waters, protection of 
infrastructure and maritime industry. To a large extent, the knowledge is, 
however, generic and can be transferred to other application areas, where 
relevant.

More information about the ROSS Gemini Centre can be found at
www.ntnu.edu/ross 

economy. They were followed by Marvin Rausand, a professor in risk 
analysis and then myself at the beginning of the 1990s. Now this  
responsibility has been handed over to Associate Professor in Safety 
Management, Eirik Albrechtsen. 
 
How has this unique example of a formal collaboration between academia 
and business (NTNU and Tryg insurance company) survived since 1985? 
Now, as then, the industry had a huge need for safety knowledge. Safety 
research had been prioritized at the end of the 1970s, and NTNU and  
SINTEF were leaders in the field. The industry, in particular the oil and 
gas industry, wanted Master’s level students with safety skills and 
knowledge. The Norwegian Research Council, together with oil and gas 
companies partially financed this increased need for safety research and 
Tryg (then called Vesta) sponsored PhD programs, professorships and 
other activities. The collaboration with Tryg led to the provision of PhD 
scholarships, incentives for Master’s level students, and the Safety Days 
conference at NTNU. This annual conference provided an arena for  
practitioners and safety researchers to meet.

Since the start of the collaboration, safety and risk research has become 
an important part of the work of several departments at NTNU. As a  
result NTNU can offer a broad range of courses on safety and risk studies.
 
The collaboration with Tryg would not have lasted as long as it has if 
there had not been a degree of self-interest. The notable benefit has 
been the sponsorship of PhD students. This has had a significant impact 
on the range and quality of safety and risk research at NTNU. Some of 
these PhD students are now working as safety researchers at SINTEF, 
safety specialists at Statoil and Det norske veritas, while one is an  
associate professor at NTNU and one is a professor at the University of 
Stavanger.
 

This successful, longstanding collaboration has provided significant  
impetus and made a significant contribution to the development of safety 
research and education at NTNU. In return, Tryg have gained access to ex-
perts in advanced safety research. Finally, the Safety Days have provided 
academia, industry and governmental agencies with a central arena for 
the sharing of experience on safety issues. 
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“I would really like to see a research project that shows what is saved 
by avoiding losses happening”, says Per Vetaas from the insurance 
company Tryg. 

Tryg and NTNU (Norwegian University of Science and Technology) have 
cooperated in risk and safety research since 1985, back when the two 
partners were named Vesta and NTH respectively. The annual conference 
Sikkerhetsdagene (Safety Days) in Trondheim is one of the pillars of the 
cooperation. Tryg has also continuously funded 1-2  PhD scholarships in 
the field of safety at the university. In addition, the best master thesis 
in the safety field is awarded the annual Tryg Award. The company also 
makes contributions to research projects. 

“The cooperation was initiated by former students from NTNU employed 
by Tryg, who recognized the value of establishing relations with the 
leading Norwegian research community in the field of uncovering and 
mapping risks”, says Per Vetaas. He is a senior risk advisor in Tryg Industri 
Norge, a division for corporate insurance in the Scandinavian insurance 
company Tryg. 

Provider of knowledge
“We offer to take on the burden of risk, and establishing and mapping 
risk factors is a central part of that. We have honed our own skills in 
these areas through the NTNU partnership, and the knowledge gained 
we have passed on to our clients. In many ways, we have been a liaison 
between the scientists and the businesses”, says Vetaas. 

“The Safety Days conference is useful both as a forum and as a networking 
arena. It’s been a leading forum since its conception, and it has been a 
hub for people who have an interest in risk management – from both  
the private sector, the government and from scientists. Having the  
opportunity to develop a network of highly skilled people is of course very 
valuable to us”, he says.

Added value
“Insurance companies are used to make cost benefit calculations, and 
from this point of view the partnership with NTNU has given us added 
value. From 1985 onwards, we have seen significant progress in how 
businesses and the society at large think about risk and safety. We have 
progressed from a one-sided focus on technology to a broader perspective 
focusing on organizations and management. The NTNU clusters have 
been at the forefront of developing ways of thinking about safety and 
risk management. They were also instrumental in the HSE reforms of 
the 1990s. Furthermore, they have contributed with valuable input for 
concepts that we have developed for practical risk management for  
our customers. “

“Our vision is to be perceived as Scandinavia’s premier provider of safety. 
Achieving that goal demands up-to-date knowledge about what is hap-
pening both in research, governance and in the private sector. We wish to 
be cutting-edge and to identify new challenges, for instance in the fields 
of nanotechnology and climate change. That demands a close contact 
with scientists”, Vetaas says. 

The non-damage
Asked to wish for a research project, Vetaas is most keen on establishing 
how much is saved in preventing losses from occurring in the first place. 

“I would really like to see a research project that could find the total value 
of the prevented losses. We can see the losses and their effects, both 
in human and material terms. Documenting the value of the prevented 
losses is a harder job. Research that could shed some light on this would 
be extremely useful for our work in preventing losses for businesses”, 
says Vetaas. 

Show uS  
the value of the 
Prevented loSSeS
Senior risk advisor Per Vetaas, Tryg
Contact: per.vetaas@tryg.no
Interview by Lars Martin Hjorthol

Photo: Jennifer Fossnes 
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riSk, vulnerability and Safety
Professor Jørn Vatn, Production and Quality Engineering, NTNU
Professor Britt-Marie Drottz-Sjöberg, Department of Psychology, NTNU
Professor Per Morten Schiefloe, Department of Sociology and  
Political Science, NTNU & Studio Apertura, NTNU Social Research
Contact: jorn.vatn@ntnu.no

Risk, vulnerability and safety are central themes in safety research. 
Although these concepts are also used in ordinary language, they are 
often less well defined and have overlapping interpretations. In research, 
however, it is necessary to begin with unambiguous definitions.
 
Risk is related to possible future unwanted events and accidents. In ordi-
nary language we can say that smoking is associated with a risk of lung 
cancer. Here, the concept of risk suggests the possibility that smoking 
results in an unwanted consequence, i.e. lung cancer. However, it is not 
absolutely certain that this will be the outcome. We cannot in advance 
ascertain with certainty that a smoker will develop lung cancer. Thus, risk 
involves uncertainty.
 
A knowledge of risk is important when we make decisions, whether in in-
dividual, organizational or business settings or at the societal level. Risk 
analysis is therefore an important research field. When making an analy-
sis of risk we must use a definition that is precise and can be operationa-
lized. One point of departure inherent in risk is uncertainty regarding the 
occurrence and severity/consequences of undesired events. Probabilities 
are used to express both the uncertainty regarding whether such events 
will occur or not, and if they do occur, how serious the outcome will be.
 
The probabilities that emerge from a risk analysis are based on available 
scientific knowledge and methods. Thus, the results depend both on 
the methodological approach, and the available knowledge of the object 
chosen for the analysis. For example, if a failure probability is assigned to 
a specified technical component, how the component is constructed and 
how it functions must be known. Nevertheless, assessments will always 
have an element of uncertainty. Thus it will never be possible to establish 
a true, objective level of risk independent of the risk analysis. It is impor-
tant when carrying out risk analyses, to be as scientifically accurate and 
as value-neutral as possible.
 
 

Risk analysis also has a value dimension that becomes particularly obvi-
ous when decisions have to be taken on the basis of results. What types, 
and how much risk can we accept? Can we live with the risk as calculated, 
or should measures be taken to reduce it? These questions relate to 
values that risk analyses cannot answer on a scientific basis, but which 
decision-makers must confront. Risk reduction efforts usually mean in-
creased investments and costs. For example, it is more expensive to build 
safer roads where the roadway is separated from pedestrian crossings. 
As safety researchers we confront value-laden issues, notably in terms of 
the consequences that should be included in a risk analysis (e.g. personal 
injury, economic costs, and environmental impacts). When conducting 
risk analyses it is therefore very important to involve all interested parties 
early on in the process, so that important concerns are not excluded from 
the analysis.
 
Whereas the concept of risk relates to uncertainty about the occurrence 
and severity of undesired events, the concept of vulnerability is asso-
ciated with system characteristics. In everyday discourse, vulnerability 
is linked to robustness and the ability to manage potential threats and 
hazards. The focus of a vulnerability analysis is to investigate how easy it 
is to destroy or damage a system. For example, a vulnerability analysis of 
an electrical grid system investigates how robust the system is in relation 
to events and threats such as line breaks, sabotage, wear and tear, com-
ponent failure due to ageing, etc. A vulnerability analysis can also include 
the consequences of system failure. For example, we can estimate not 
only how many customers would lose electric power if a certain event 
should occur, but also the economic and other consequences of the event. 
In this context, the assessment can include who would be affected (e.g. a 
hospital or a key business in a region) and also look at the effectiveness 
of potential compensatory countermeasures, such as the availability of 
emergency power or alternative crisis measures.
 
The concept of safety is closely related to that of risk. It is primarily used 
in the context of a situation thought to be protected against known 
threats and hazards. The more threats and hazards are under control, the 
better safety is said to be. In contrast to the concept of risk, which aims 
to quantify uncertainty associated with threats and hazards, safety is 
often used qualitatively to express how organizations work to control and 
manage threats and hazards, for example through preparedness plans, 
monitoring and exercises.

Safety and reliability textbookS 
from ntnu
Professor Marvin Rausand
Department of Production and Quality Engineering, NTNU
Contact: marvin.rausand@ntnu.no

The field of safety and reliability at NTNU can be traced back to  
Professor Arnjlot Høyland in the Department of Mathematical Statistics. 
Professor Høyland was a visiting scholar at the University of California, 
Berkeley in 1975/76, where he met Professor Richard E. Barlow, who had 
just published the seminal textbook “Statistical Theory of Reliability and 
Life Testing” together with Frank Proschan. Professor Høyland returned 
enthusiastically to NTNU (at that time NTH), and took the initiative of 

The first Norwegian risk analysis standard “Krav til risikoanalyser” (NS 
5814) was published in 1991. During the development of the standard a 
request was made for the preparation of a guide that would describe the 
various methods needed to fulfil its requirements. I was asked to write 
such a guide, which was given the title “Risikoanalyse: veiledning til NS 
5814” and published by Tapir in 1991. Although the guide is not among my 
proudest achievements, a large number of copies were sold and it was 
used in both Norway and Sweden. 

At that time there were very few textbooks available on risk analysis and 
I therefore started to think about writing an English textbook. This work 
was, however, not my highest priority, and the project was postponed to 
such an extent that it wasn’t until 2005 that a relatively complete  

manuscript was ready. Also at that time, it was decided that NS 5814 
should be revised, and I saw a golden opportunity to revise the guide. In-
grid Bouwer Utne, who was a postdoctoral student at NTNU at the time, 
was invited to join the project. Much of the material was based on the 
manuscript I had prepared for the English textbook, and the Norwegian 
book was published with the title “Risikoanalyse: teori og metoder” by 
Tapir Akademisk Forlag in 2008. The intended subtitle “Veiledning til NS 
5814” was omitted on the grounds that we primarily wanted the book to 
be used as an academic textbook. 

In the academic year 2010/11 I took a sabbatical in France, which gave me 
the opportunity to complete the English version of the textbook on risk 
analysis. This book was published in 2011 by Wiley, Hoboken under the  
title “Risk Assessment: Theory, Methods, and Applications”. The book 
was first used in the “Risk Analysis” course at NTNU in the 2011 fall 
semester, which was taught by Professor Stein Haugen.
 

establishing a course in reliability analysis at NTNU. After extensive  
preparations, the course was run for the first time in the 1977/78 academic 
year. It was based on the textbook by Barlow and Proschan and was 
taught by Professor Høyland with assistance from me. We soon discov-
ered that the textbook was too theoretical and narrow for engineering 
students. In 1978, I was asked to teach a more practically-oriented course 
on reliability analysis in the Department of Machine Design; this course 
was named “Industrial Safety and Reliability”. This inspired Arnjlot 
Høyland and Arne T. Holen in the Department of Electric Power Engineer-
ing to write a joint textbook in Norwegian. The book went by the title 
“Reliability Analysis” and was published by Tapir in 1983. It was well-
received both by students and the industry, and was used as a textbook 
in Norway, Denmark and Sweden. 

After a while we decided to try to write a similar textbook in English.  
As Arne T. Holen did not want to join the project, we were only two  
authors. We chose to aim high and contacted Wiley in New york, which 
we considered to be the most prestigious publishing company in the field 
of mathematical statistics. The answer we received was positive, and  
the book “System Reliability Theory: Models and Statistical Methods” 
was published in 1994. This book became a great success and was used at 
a range of universities throughout the world. In 2002, Wiley requested a 
new edition of the book. Arnjlot Høyland was ill at the time, and passed 
away before work started. The new book, which was published in 2004, 
was substantially re-written and given the title “System Reliability  
Theory: Models, Statistical Methods, and Applications”. This edition 
become an even greater success and is today the most internationally 
popular book on reliability analysis. 
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“The level of risk we accept is a question of values. No discussions or 
decisions on risk are value-neutral”, says Inger Lise Johansen.

She is a PhD candidate at the department of production and quality  
engineering at NTNU. “Risk assessment: Informing decisions” is the 
working title of her PhD thesis.

“Risk assessment is originally a technical discipline, based on engineering  
knowledge, probability calculus, and statistics. you get quantitative 
results, which gives a clear basis for decision-making. However, we must 
also understand the premises and limitations of the analysis, which 
necessitates a debate on values”, she says.

no deciSionS  
on riSk are  
value-neutral
PhD student Inger Lise Johansen
Department of Production and Quality Engineering, NTNU
Contact: inger.l.johansen@ntnu.no
Interviewed by Lars Martin Hjorthol

Inger Lise Johansen uses the debate concerning future oil and gas devel-
opment in Lofoten and Vesterålen in the north of Norway as an example, 
a debate she claims has been characterized by a mix of facts and value 
statements from the involved stakeholders. 

“Risk is about uncertainty. We are trying to describe something that has 
not happened yet, a set of undesired events we do not want to occur. 
There are no objective “facts” about risk”, says Johansen.

Different risk assessments may give different answers depending on the 
problem definition and underlying premises. Whether this is due to lack 
of integrity, fundamental imitations, or values in the assessment is a 
question that intrigues Johansen. What is certain is that the interpreta-
tion and use of the results of risk analysis is necessarily value-laden. 

In the debate concerning future oil and gas development in Lofoten and 
Vesterålen, different stakeholders have used and interpreted the results 
from various analyses differently to support their arguments, in a discus-
sion where values and positions have been disguised as factual claims. In 
order to achieve a knowledge-based solution, it is necessary to explicitly 
acknowledge the role of values in risk-informed decision-making, says 
Johansen.

Inger Lise Johansen belongs to the upcoming generation of risk researchers  
at NTNU. The 28-year-old from Oslo has broad scientific interests. 
“Maybe too broad. It is difficult to delimit the scope for my PhD thesis 
and to combine insight from different disciplines in a way that fits the 
background knowledge of potential readers and reviewers. On the other 
hand, it was the multidisciplinarity of the field that attracted me to  
risk and safety research in the first place”. 

“I was halfway through my studies in mechanical engineering when I  
first came across topics on risk and safety. The field represented a 
fascinating combination of engineering, psychology, social sciences, and 
philosophy that appealed to me”, says Johansen, who took a year off from 
the engineering studies to study risk at the department of psychology  
at NTNU. 

Today, she is interested in the “softer” sides of engineering risk assess-
ment: the underlying premises and limitations that shape the role and 
value of risk assessment, and how to express, evaluate, and communicate 
risk in a wider process of risk-informed decision-making. She is also  
fascinated by the issue of risk acceptance. “Risk acceptance is actually a 
poor term. We don’t accept risk as such, but decisions that involve a  
certain level of risk which we tolerate because of the benefits they give 
us. Driving a car involves risk, but most of us do it anyway because we  
believe that it is outweighed by the benefits”. 

If we’d steered away from all risk, there would be little improvement in 
the world, states Johansen. And for the risk analysis - can it help us in 
making difficult decisions? 

“Risk analysis is a systematic way to seek and represent knowledge of 
an uncertain future. Through the years, we have gained solid experience 
in the field and have developed advanced methods that can help us to 
resolve complex problems. We must, however, not be blind to its limita-
tions. The results of risk assessment should never be interpreted as an 
objective answer to decisions about risk”, she concludes.  
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“A data error can close down the entire telecoms system at a hospital. 
A small, local fire may stop rail traffic in a big city and to the surround-
ing region. Therefore, a main challenge for safety research is to reduce 
vulnerabilities in dynamic, complex and tightly-coupled systems.” 

That is the view of Professor Jan Hovden, a Professor in Safety Research 
at NTNU. Professor Hovden was also a member of the governmental 
committee on the vulnerable society (NOU 2000:24) headed by former 
Prime Minister Kåre Willoch. Since then, many events have happened 
that have revealed vulnerabilities in critical infrastructure and crisis 
management, notably demonstrated by the 22nd July terrorist events in 
Oslo and Utøya.

“Information technology has become part of all other socio-technical 
systems. We now have tightly-coupled complex systems where the  
redundancy offered by manual backups no longer exists due to short-
term economic priorities. A cut in electric power can affect the supply of 
clean water and the ability to purchase food. A main challenge for current 
safety research is to reduce the vulnerabilities of complex dynamic  
systems at all levels”, says Professor Hovden. 
 
“We have witnessed tighter integration and growing interconnectedness 
of previously divergent systems, leading to a ‘system-of systems’ and 
the emergence of systemic risks. Compared to the stable socio-technical 
systems of the past, these systems are constantly changing in line with 
rapid technological developments, globalization, market conditions, new 
ways of organizing work, etc. The safety disciplines must adapt to this 
reality and address these multidisciplinary challenges. In addressing  
systemic risks we need to overcome the fragmentation of research and 
also the fragmentation of responsibility in public institutions and  
politics”, says Hovden.
 

Safety research and practice has a long history. In Norway, safety and risk 
research has been regarded as a separate academic discipline for more 
than 30 years. However, Hovden argues that it has a much longer history. 
Modern rational thinking about safety started in the Age of Enlighten-
ment. Jean-Jacque Rousseau challenged the traditional attribution of 
accidents to fate or punishment from God, and proposed rational means 
for reducing accident risk from even ‘natural disasters’ (referring to the 
earthquake in Lisbon in 1755). Although health and safety did not form 
part of the vocabulary in the early phases of industrialization, the explo-
sives industry was a pioneer for rational, goal-oriented safety practices. 
These started early in the 19th century and used systematic risk assess-
ments based on barrier analyses in the design of production units. They 

also placed the focus on managerial responsibility for safety by building 
the owner’s house in the middle of the plant. 
 
The inspiration for systematic research and education into safety and risk 
issues came from American research in the space and nuclear industries. 
Safety studies started at NTNU (NTH) in the 1970s and originated in 
controversies related to major accident risks in the – at that time – young 
Norwegian oil industry. The Bravo blow-out in 1977 and the Alexander L. 
Kielland accident in 1980 killed 123 workers and resulted in new require-
ments and regulations in the industry. At the same time there was a  
furious political debate on the issue of oil and gas exploration north of 
the 62nd parallel. There was an acknowledged need for safety expertise 
and competence both in the industry and from political authorities. It 
was a question of both trust, and the future of the industry. It resulted 
in a lot of money being made available for safety research and in a just a 
few years the new safety skills progressed from research to higher  
education, then to consultancies and the industry, says Hovden.
 

Safety research was both industry-driven and applied. Safety chairs at 
NTNU (NTH) were sponsored by the oil industry, based on the need for 
engineers with a broad interdisciplinary knowledge of safety management 
and risk analysis. This was the basis for Master’s level study programs at 
NTNU (NTH) and later at the University in Stavanger, Hovden explains. 
 
“In addition to programs based on major accident risk offshore, in the 
mid-1980s SINTEF ran a research program on the prevention of occupa-
tional risks, which provided a basis for later reforms to HSE regulations 
(e.g. the implementation of internal controls for HSE meta-regulation 
in the 1990s). Our research resulted in methods and tools, risk control 
principles, and human and organizational aspects of safety management. 
Although it met some resistance in the beginning, it is satisfying to  

observe that most of the recommendations from that period are now 
common practice in industry.” Hovden highlights the high demand for 
graduates with a safety specialization in the labour market, and the 
successful transfer of knowledge from safety research to the industry, 
through the training of thousands of students.
 
“Safety research has been through many phases, and in each phase more 
and more academic disciplines have been included. Safety has always 
been an integral part of engineering studies with a focus on machines 
and technical systems. Then human factors and man-machine studies 
were added, followed by a focus on organization, leadership and culture. 
These three perspectives did not replace each other. The main challenges 
lie in the interface between technology, humans and organizations, which 
requires cross-disciplinary approaches to safety research”, says Hovden. 
He himself is originally a political scientist, and in his safety research he 
has collaborated with mathematicians/statisticians, economists, legal 
and medical professionals, political scientists, psychologists, sociologists, 
anthropologists, historians and geographers. 

“Safety research has traditionally been divided into specific industrial do-
mains and transportation. The term ‘societal safety and security’ is just 
15 years old and is related to the protection of critical societal functions 
and the associated critical infrastructure. During the Cold War there was 
a civil defence force to protect Norway against an external enemy. In the 
1990s the country experienced a number of natural disasters (storms, 
floods, landslides, etc.) with huge consequences. At the same time the 
increased vulnerability of critical infrastructure became clear (as shown in 
the first part of this interview). September 11th put the focus on terro-
rism threats. Now we see traditional safety management that deals with 
hazards and accident prevention merging with security management 
that deals with threats from deliberate evil acts.” 

 
These two aspects were combined in the Societal Security and Risk 
(SAMRISK) research program (2006–2011). The program ended just 
before the 22nd July disaster, and there were no plans for its extension 
or the financing of a new program. “However, SAMRISK II will start in 
2013 as a result of the actions of Breivik. It is a paradox that the funding 
of safety research and safety practices are so dependent on dramatic 
events resulting in ad-hoc activities that have no long-term perspective 
for learning. As Weick says, ‘safety is a dynamic non-event’ and it is hard 
to motivate politicians and industry to fund ongoing safety efforts and 
improvements. It is difficult to operationalize ‘safety achievements’ in 
terms of ‘voters’ or ‘money’. Nevertheless, the losses from incidents can 
be calculated”, concludes Hovden.

the vulnerable  
Society and  
develoPmentS in 
Safety reSearch  
at ntnu.
Professor Jan Hovden, Department of Industrial Economics and Technology Management, NTNU
Contact: jan.hovden@iot.ntnu.no
Interviewed by Lars Martin Hjorthol
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The terrorist bombing of the government buildings and the Utøya mas-
sacre of 22.07.11 revealed both vulnerabilities and strengths in Norwegian 
society, as well as actualizing dilemmas and paradoxes concerning 
safety and security.

The paradox is that the fact that Norway is an open society with a high 
level of generalized trust did perhaps contribute to making the terrorist  
attack possible. On the other hand, trust is perhaps the most central 
ingredient in the creation of social capital, and a society rich on social 
capital is also better suited than others to handling the after-effects of 
such terrible incidents.
 
The 22.07 commission
The government-appointed commission, which finished its work in  
August 2012, has produced a voluminous and well-documented report 
which tells both the story behind the attacks and how the emergency 
situation was handled. The mandate was also to come up with measures 
which will contribute to making Norwegian society better prepared both 
to avoid and to withstand possible future attacks.
 
The commission, which has received an almost unanimous praise for its 
thoroughness and clear language, formulates its main conclusions in a 
few central points, among which are the following:
•	 The	bombing	of	the	government	buildings	could	have	been	avoided		
 if security measures which were already decided upon had been  
 effectuated.
•	 Faster	police	action	had	been	possible,	and	the	terrorist	could	have		
 been stopped earlier than  was the case. 
•	 More	emergency	and	security	measures	should	have	been	activated		
 immediately after the bombing.
•	 It	could	have	been	possible	for	the	police	to	track	down	the	terrorist		
 before the attacks were launched.
 
A basic conclusion was that the terrorist attack revealed serious weak-
nesses in the emergency preparedness and in Norwegian society’s ability 
to detect and to protect itself against this kind of threat. Five basic 
explanations for this situation were identified:
•	 Inability	to	acknowledge	risks	and	to	take	learning	from	emergency		
 training
•	 Inability	to	follow	up	on	decisions	and	to	use	existing	plans
•	 Weaknesses	in	coordination	and	interaction
•	 Inability	to	exploit	the	potentials	in	modern	ICT
•	 Weaknesses	in	political	leadership	and	administrative	management
 
The commission also states that the attacks reveal the need for thorough 
changes: in plans and formal rules, in the allocation of competence and 
resources, in management and organizational cultures, perhaps even also 
in the more basic attitudes in the society.
 
Learning from safety research
There is limited experience and research-based knowledge when it comes 
to dealing with this kind of threat. An interesting question is therefore 
what lessons can be learned from practice and research in industrial safety.
The basis for improving industrial safety is the development of systematic  
approaches for understanding possible threats and weaknesses in systems 
and processes. Within risk and vulnerability analysis there are well-estab-
lished methods for calculating certain kinds of risks, such as mechanical 

22 July and  
inviSible  
Safety
Per Morten Schiefloe
Professor, Department of Sociology and Political Science
Research Director, Studio Apertura, NTNU Social Research
Contact: per.morten.schiefloe@svt.ntnu.no

breakdowns, and thereafter to construct and implement redundancies 
and improved technical solutions. For incidents which happen with a 
certain kind of regularity, such as fires and car accidents, one can also  
calculate probabilities and use this as a basis for regulative measures, 
construction of improved barriers and investments in surveillance systems.
 
When it comes to intended incidents, traditional methods for risk assess-
ment are of little use. An analysis based on political risk could, however, 
have foreseen government buildings as a possible target for terrorists. 
Most government buildings around the world are therefore more or less 
protected against such attacks. This kind of analysis was in fact also 
carried out in Norway. A report from 2004 illustrates clearly what dam-
ages could be the result of a car bomb detonated in front of the main 
entrance, almost exactly the way it happened on July 22nd. The problem 
was that this analysis had not been followed up and that the barrier 
situation and the safety level were approximately the same when the 
terrorist ignited the fuse seven years later. 
 
The situation concerning the attack and killings on the Labour Party’s 
youth camp on Utøya the same afternoon was quite different. Something 
like this has never happened before, either in Norway or elsewhere. As such, 
it could not have been prevented by ordinary safety measures, and the 
handling of the situation was therefore totally dependent on the police 
emergency response. As clearly documented in the commission’s report, 
the Norwegian police were not properly prepared for this kind of incident.
 
The invisible safety
The findings and recommendations of the commission accentuate two 
important political dilemmas. Foremost among these is the question 
of how far we are willing to go in surveillance and other counterterrorist 
measures, and where the balance point is between security on one side 
and trust and openness on the other. The other dilemma has to do with 
the willingness to invest in and take seriously something which is “invisible”.
 
In risk-exposed industrial organizations, safety is always on the agenda. 
Management invests in barriers and other safety measures, and regular 
emergency training is an integrated element in operations. In industry 
there are two main driving forces behind safety policies and activities. 
The first is that employees at the sharp end realize that they are potential 
victims if something goes wrong; the other is fear of economic losses. 
A relevant recent example is the Macondo disaster, which resulted in 11 
fatalities and losses amounting to more than 25 billion dollars.
 
On a societal level these kinds of forces for taking safety seriously are 
much weaker. Disasters seldom occur and the effect of safety measures 
cannot therefore be “documented”. There are few stakeholders at the 
sharp end and no investors who fear economic losses. On the political level 
investments in safety compete with other “good purposes”, which are 
both visible and can give political goodwill. Safety measures, on the other 
hand, are invisible and will often be met with protests, because they are 
unpractical and make movement and activities more troublesome. An  
illustrative example is the plan for closing the street “Grubbegata” 
leading up to the government buildings. This plan had been circulating 
between ministries and local authorities for several years, and had been 
met with protest from all stakeholders in the area. An illustration of this 
is that Norway’s leading newspaper, Aftenposten, wrote in its editorial 
that the plan was “both hypothetical and hysterical”.
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Dialogue between groups was also the central theme of a study concerning 
the construction of a liquid natural gas (LNG) storage facility outside  
Stavanger. Drottz Sjöberg conducted the study in collaboration with 
Professor Jorn Vatn at NTNU and SINTEF. Lyse Energy, which built the 
storage facility, had carried out the required risk analyses and complied 
with all formal requirements. Nevertheless, the project met with intense 
criticism from people living and working in the vicinity; it received huge 
media attention, and many local groups complained.
 
Researchers at SINTEF and NTNU were asked to initiate a process aiming 
at achieving a better understanding of the various groups’ arguments. 
This was achieved in two main steps: first, discussion groups were  
organized to investigate what were seen as the risk factors related to the  
project and what could be done to reduce the risks. The second step in-
volved developing the risk analysis and preparing risk-reduction measures.
“We were not negotiators. We wanted to take a closer look at the  
communication process and better understand the arguments behind 
the criticism. The company had complied with all the usual rules and 
procedures. But when we entered the process the situation was rather 
stuck. In spite of public meetings there had been no real dialogue about 
the perceived risk aspects”, says Drottz Sjöberg.
 
“We worked with various groups of experts, residents and people working 
in the area. The results showed that those who had become involved 
in the process had a lot to contribute when asked. The project provided 
additional input to the risk analyses. It also showed that dialogue on risk, 
and the availability of information are aspects that have to be considered 
right at the beginning of a project.”
 
Long-term risk
In the years following the Chernobyl accident in 1986 Professor Drottz 
Sjöberg worked on projects that looked at the perceived risk of ionizing 
radiation, and has participated in projects in Sweden and the European 
Union related to the management of nuclear waste.
“The perception of risk related to the long-term storage and final disposal 
of radioactive waste introduces interesting issues on how we manage 
future risks, which may be thousands of years ahead. We currently lack  
ways to measure reduced levels of risk across extremely long time 
intervals. It seems that instead we evaluate such challenges using moral 
principles”, she says.
 
A study related to the final disposal of high-level nuclear fuel in 2002 showed 
that people have very limited time perspectives regarding future risk. 
“We are concerned about the future and long-term developments, but 
most people do not have emotional connections to more than two to 
three generations, i.e. about a hundred years. Issues related to extensive 
long-term risk scenarios are for the most part analyzed in relation to the 
management and disposal of radioactive waste”, says Drottz Sjöberg. 
In comparison, the United Nations Intergovernmental Panel on Climate 
Change (the IPCC) has chosen to focus on the next 100 years.
 
“It would be enlightening to have more discussion and research into 
perceptions of long-term risks and risk reduction in relation to the envi-
ronmental situation in general and, specifically, dangerous chemicals that 
will never decompose. The real challenge of climate change relates to 
the final disposal of high-level nuclear fuel, our ability to take long-term 
issues into consideration, and the capacity to manage long-term risks”, 
says Drottz Sjöberg.

riSk  
communi-
cation
Professor Britt-Marie Drottz Sjöberg
Department of Psychology, NTNU
Contact: britt.marie.drottz.sjoberg@svt.ntnu.no
Interviewed by Lars Martin Hjorthol

The swine-flu (H1N1) pandemic was not severe as many had feared. 
The next virus could be much more dangerous. Will we trust warnings 
and follow advice about vaccination?

“The H1N1 pandemic in 2009 is an excellent example of how difficult it 
can be to communicate risk and uncertainty. It also shows the need for 
communication that builds bridges between experts and the general 
public”, says Britt-Marie Drottz Sjöberg, Professor of Social Psychology  
at NTNU. Professor Drottz Sjöberg founded the Risk Psychology,  
Environment and Safety (RIPENSA) research group. From 2012 the group 
has been linked to the Center for Safety and Human Factors, part of the 
ROSS Gemini Center at NTNU. Risk communication is a central theme of 
the group’s work.
 
Communicating uncertainty
Professor Drottz Sjöberg participated in a European Commission com-
mittee (the H1N1 Expert Group group) that examined European countries’ 
communication strategies in relation to the H1N1 pandemic. One of the 
conclusions was that authorities did not succeed in communicating  
the difference between the spread of the virus (in accordance with the  
definition of a pandemic) and the severity of the virus.
 
“Based on the wide and rapid spread of the new virus, the WHO (World 
Health Organization) concluded that the situation was to be defined as a 
pandemic. The relevant authorities had to, and correctly so, consider the 
possibility of a worst-case scenario. The inherent uncertainty was difficult 
to communicate to the public”, says Drottz Sjöberg.
 
In retrospect the 2009-10 pandemic did not cause the extensive damage 
feared in its early stages. However, there will be new pandemics, related 
to new viruses. We may even see the emergence of the “super virus” 
feared by experts. Should this happen, will people still trust warnings 
and follow advice, regarding for example vaccination and the use of other 
countermeasures to slow down the spread of the virus? Or will they, with 
the previous pandemic still fresh in their memory, interpret the warnings 
as crying wolf?
 
“Risk communication is preventive. It should contribute to preventing a 
negative event or to reducing the negative consequences of a hazard that 
has already occurred. In relation to the pandemic this means, for example, 
providing a clear explanation of what happened in the previous situation 
and preparing the population for what to expect the next time there is 
a pandemic. If such communication is not convincing, there is a danger 
that people will not listen to, or follow authoritative advice in the future. 
Therefore, the risk of further transmission of the virus would increase”, 
says Drottz Sjöberg.
 
Two-way communication
Drottz Sjöberg expresses communication in terms of bridge-building.  
A bridge can be crossed from two directions. The communication of risk 
and uncertainty therefore works best in dialogue. 
 
“It is a process of working together to find and clarify a common under-
standing, where all involved eventually speak the same language. This is 
a task that involves various experts, as well as groups representing the 
general public. Such work is based on the assumption that everybody 
has something to contribute. One of the challenges is to get everyone to 
understand that they have something to learn”, she says.
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the electricity SyStem of the future 
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Contact: gerd.kjolle@sintef.no 

Smartgrids are the vision for the future electricity system. It is an 
electricity grid that can intelligently integrate the actions of all users con-
nected to it – generators, consumers, and those that do both – in order to 
efficiently deliver a sustainable, economic and secure electricity supply. 
Smartgrids utilize information and communication technology (ICT) for 
new measurement and control, including demand side management. 

Advanced measurement and control systems (AMS) and communication 
with all grid customers and apparatus play important parts in smartgrids. 
AMS means that all households get a smart meter which registers the 
electricity consumption on an hourly basis and automatically submits the 
data to the network company. In Norway, all electricity customers will 
have a smart meter installed by 2019. 

One target of the European Commission is that by 2020, 50% of the 
European power grids will be operated according to smart principles. Even 
if there are smart technologies already in place, the smartgrids will evolve 
gradually along with necessary development of the electricity grids. The 
current electricity system is an ageing infrastructure and the need for re-
investment is rapidly increasing. Low levels of investment compared to the 
increase in electricity consumption have led to increased loading degree 
of components and higher utilization of the installed capacity in electricity 
generation and grids. At the same time climate change may impose in-
creased weather-related stress on the grids. However, the robustness and 
availability of the electricity system are high in the current situation: we 

experience on average about two – three hours of electricity interruptions 
per year.
 
Climate change is one of the major drivers for the evolution of smart-
grids. Fulfilment of strategies for massive integration of large-scale 
renewables and intermittent distributed generation, e.g. from wind and 
solar energy, as well as energy efficiency and electrification of transport, 
imposes new requirements on the electricity system. There is a need  
for changes in the development and operation of the system as the 
current system is built for the traditional power flow from large sources 
to demand. Security of electricity supply is another important driver for 
change. Society is critically dependent on a secure electricity supply to 
maintain its functionality and cover basic needs such as food and water 
supply, heating, safety, financial services, etc. Security of electricity sup-
ply means the ability of an electricity system to supply end customers 
with electricity. It is composed of a secure energy supply and sufficient 
power capacity, as well as reliable components and installations, to  
produce and transmit the electricity. Society’s dependency on electricity  
will increase as a consequence of more use of ICT and new uses like 
smart meters, electrical vehicles and distributed electricity storage.

Smartgrids provide opportunities for securing the electricity supply. The 
availability of new and more widely distributed energy sources gives 
flexibility in the generation of electricity and a higher degree of energy 
security. Smart meters with two-way communication (AMS) may give 
increased consumer flexibility and possibilities for reduced peaks in elec-
tricity prices. AMS may also provide incentives for reductions in electric-
ity consumption and possibilities for load control. Controlling individual 
loads and devices provides opportunities for differentiating the security 
of electricity supply, thereby prioritizing critical loads and functions. In 
periods of grid congestion, load control can relieve the congestion and the 
loads can be utilized as ancillary services in the regulation of the electricity 
system. Moreover, measurement and sensor technologies provide better 
possibilities for condition monitoring and improved documentation for 
grid operators and for maintenance and renewal of components and 
installations. Evolving failures may be detected and handled before they 
eventually lead to disturbances, and thereby reducing electricity inter-
ruptions. Alternatively, if interruptions occur the equipment may provide 
rapid fault detection and restoration of supply. Access to more energy 
sources combined with storage and load control provides better reserve 
possibilities in case of electricity interruptions.

Smartgrids introduce several challenges that need to be dealt with to 
secure the electricity supply. The current electricity grid is not built for 
the visions of smartgrids. The electricity system of the future should 
be designed in such a way that reinvestments are made smart. Better 
planning and new ways of operating the system are needed to ensure 
robust interoperability of the various parts of the system. Smartgrids 
involve increased complexity, more uncertainties and interdependencies 
on other infrastructures (ICT in particular, and transport). The depend-

ency increases to well-functioning control and automation systems, and 
small disturbances may propagate to other infrastructures due to tight 
couplings. 

The realization of smartgrid’s functionality is a big leap in the integration  
of ICT on all levels of the electricity system, representing a fusion of 
the electricity grid and the Internet. New types of failure and threat are 
thereby introduced, such as cyber-attacks, software failures and drasti-
cally increased amounts of data in the operation of the electricity system. 
A data failure might, for instance, lead to a lack of overview and control 
of the situation. This might further lead to electricity interruptions and 
increased time for restoration of the electricity supply.

While the reliability and robustness of the power system in general are 
expected to increase with new investments and smarter grids, the risk of 
extraordinary events (with a low probability of occurring) might increase 
due to vulnerabilities caused by dependencies, increasing complexity, new 
components and technologies, cyber threats, new operating scenarios, etc.

Huge investments are needed for the realization of smartgrids. In  
Norway alone, the transmission system operator Statnett is planning for 
investments in the order of NOK 50 – 70 billion up to 2020. The total grid 
investment plans for all grid levels in Norway add up to 130 billion NOK 
for the coming 10-year period, including smart meters and interconnec-
tions to other countries. In addition, there are plans for new power plant 
investments in the order of 40 – 50 billion NOK.

Various technological, societal and economic challenges need to be over-
come if the visions of smartgrids are to be realized. The social acceptance 
of building new infrastructure must be increased and huge efforts are 
needed in research and development, demonstration and innovation. 

These challenges need multidisciplinary solutions. In particular, methods 
should be developed to analyse the impact of the challenges for the secu-
rity of the electricity supply, where different elements can be dealt with 
in a holistic way, i.e. interaction between energy availability, capacity and 
failures in the electricity system. Smartgrids also increase the need for 
cross-sectorial risk and vulnerability analyses focusing on new types of 
undesired events and interdependencies.

More information about smartgrids can be found on the website of the 
Norwegian Smartgrid Centre, www.smartgrids.no
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In a period of less than two weeks in June 2011, the road from Oslo to 
Trondheim was made impassable due to flooding in the Gudbrandsdal 
valley, the railway line to Bergen was cut due to a fire, and the mobile 
phone service experienced a major outage. This was a brutal reminder 
of the vulnerability of modern society. 

“We may complain about such events. But as researchers we are more 
concerned about how to analyze the situation in advance, propose  
measures to minimize such events and mitigate the damage if they  
happen”, explains Jørn Vatn, Professor in the Department of Production 
and Quality Engineering, NTNU. 
 
In recent years several research groups at NTNU and SINTEF have been 
involved in projects investigating the risk and vulnerability of critical 
infrastructure in the context of the societal safety and risk (SAMRISK) 
research program. 
 
Risk analysis
Water, roads, power supplies, telephony, and ICT networks – we recognize 
the criticality of such infrastructure when it breaks down or malfunctions. 
Particularly when systems are interconnected, a failure in one system 
may result in huge and often unforeseen ripple effects.
 
“The objective of one of our projects was to develop risk analysis  
methods for critical infrastructure”, explains Jørn Vatn. 
 
“Risk analysis as a method has to a great extent been developed for the 
nuclear, oil and gas, and process industries. One of the challenges when 
applying risk analysis to critical infrastructure is to capture couplings and 
interdependencies between infrastructure and critical societal functions.”
 
As an example, he mentions the fire in a cable culvert at Oslo’s central 
railway station in 2007. The fire was limited, but disrupted the power 
supply to vital ICT services. Consequently, the entire train service to Oslo 
and surrounding areas was stopped for almost 24 hours. 
 
“We have developed methods to analyze complicated and interwoven 
systems, and reveal vulnerabilities in such systems. Traditionally, risk 
analyses have focused on technology, but organization, responsibility and 
other underlying causes are maybe even more important. It is crucial to 
understand all the contributing factors, both those that have a negative 
impact, and those that could ultimately save the day.” 
 
Uncertainty and decisions
A risk analysis expresses uncertainty at different levels. It is then up to 
decision-makers to decide which of these uncertainties are acceptable. 
This is not always easy. The need to make savings has to be measured 
again the need for safety. How much robustness and resilience should be 
engineered into the system? What extreme situations should be taken 
into consideration? 
 
 
 

analySing 
Societal  
vulnerability 
Professo Jørn Vatn, Department of Production and Quality Engineering, NTNU 
Contact: jorn.vatn@ntnu.no
Interviewed by Lars Marthin Hjorthol

“Following the breakdown of the main connection between Oslo and 
Trondheim due to flooding, the National Road Administration admitted 
that the road, which had just been opened, should have been laid on 
higher ground. It is easy to see this in the aftermath of the event, but 
much harder to recognize in advance. Even if the road had been  
designed for a 100-year flood, the 200-year flood may have arrived the 
following spring. 
 
“The study of decision processes and how the decision-maker treats 
uncertainty is also an important element in our research”, explains Vatn. 
 
Climatic changes 
Uncertainty regarding the climate of the future is a new dimension in 
the vulnerability analysis of critical infrastructure. There is a consensus 
among climate researchers that climatic changes are partially caused by 
humans. But the speed, magnitude, and impacts of these changes are 
still not clear. Researchers from SINTEF, NTNU, the University of Oslo, 
Vestlandsforsking, DNV and the German Center for Fish Research have 
cooperated on the development of a risk and vulnerability analysis for 
climatic changes and the impact on critical infrastructure. Society needs 
to adapt to a change in climate, and municipalities must take it seriously 
in land use and preparedness plans. Risk and vulnerability analyses are 
valuable tools in this work. Simple analyses may reveal areas that are 
particularly vulnerable. However, more often, comprehensive and detailed 
analyses are required and technical expertise is crucial, explains Vatn.  
The Jåtta district in Stavanger was used as a case study in connection 
with a project on climatic changes and vulnerability. Physical models of 
ground conditions, flow capacity in drainage systems etc. were linked to 
climatic projection models. The study looked at questions such as the 
levels of precipitation that could be handled by the drainage system, the 
impact of rises in sea level, and last but not least, what could be done  
to reduce risk.
 
“In order to provide decision support for politicians, we need to develop 
analyses that not only highlight what may happen, but also how often. 
We have also investigated approaches where the time horizon is taken 
into account. When will the changes really make a difference? This may 
have an important impact on the economy. Uncertainty regarding the 
future is less important for a temporary industrial storage building,  
compared to Stavanger’s opera house that is expected to be in use for  
a hundred years or more”, explains Vatn.
 
“It is important that research project findings are translated into methods 
and tools. In one of the SAMRISK projects, a risk and vulnerability tool 
for critical infrastructure was developed, and we believe that central and 
local government administrations will benefit from this work. It is now 
the time to start using the research results”, concludes Jørn Vatn, who 
also has high expectations that a follow-up to the SAMRISK program will 
be launched in the near future.
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Interviewed by Lars Martin Hjorthol

Outsourcing and restructuring of the public sector has led to better 
governance of defined tasks. But who is going to look after the totality? 
Can societal safety be ordered? 

Society depends on the functioning of critical infrastructure such as tele-
communications, electric power and water. What are the consequences 
for societal safety when this infrastructure is privatized, outsourced or 
organized according to commercial models?
 
This was the topic for a project carried out by Studio Apertura at NTNU 
Social Research, in cooperation with two SINTEF departments. The  
project was part of the Norwegian Research Council’s SAMRISK program. 
The displacement of vulnerability

“We don’t have a categorical answer as to whether, overall, new organi-
zational models strengthen or weaken societal safety. An unambiguous 
conclusion, however, is that there are profound changes in the composition 
of vulnerabilities. There are new strengths and weaknesses”, says Petter 
Almklov, Senior Researcher at Studio Apertura and project manager. 
 
“Researchers have studied organizations that are responsible for power 
supply networks, water supply and ICT in a hospital. We haven’t primarily 
studied power grids, water pipes and ICT solutions as such. Rather we 
have looked at what has happened in the organizations responsible for 
operating these infrastructures”, says Almklov. 
 
A weakening of informal networks 
The new organizational models have led to more formal forms of gover-
nance and more rigid control of work. Standardization and accountability-
based quality control has in many cases increased efficiency. This is 
achieved is by splitting organizations into functional parts that trade 

standardized measurable services. This organizational fragmentation, and 
the mode of control it implies, may have a downside in terms of safety. 
 
“It might weaken informal networks between workers. And it also tends 
to underestimate the importance of tacit knowledge in much of operational 
work. These are important resources for risk sensitivity and the ability to 
improvise in emergencies. We may also see responsibility becoming  
fragmented, and that no-one is responsible for keeping track of the relia-
bility of the system as a whole, irrespective of organizational boundaries”, 
says Almklov. 
 
Emergency preparedness
How these models function depends on how one is able to formulate the 

“order” when “buying” critical infrastructure. 
 
This may work well in normal operations, but it is harder to build in 
robustness to crises and emergencies into a product, and for the supplier 
to provide follow-up with respect to such products. Before crises and 
emergencies materialize it is hard to know what they may or may not 
consist of. Often the supplier, who has system knowledge and technical 
expertise, will be in a better position to estimate the risks than the sys-
tem owner and authorities. Consequently, ordering reliable infrastructure 
and ensuring societal safety is a demanding task. 
 
Societal safety will depend on authorities’ ability to manage the weak-
nesses that these new models imply. It will be particularly important to 
monitor emergency preparedness capabilities as they demand a holistic 
approach both to the system and across sectors. Moreover, a business-
oriented model will tend to reduce slack and focus on effective day-to-
day operations. 
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what iS reSilience engineering? 
from Safety-i to Safety-ii
Professor Erik Hollnagel,  
Institute of Regional Health Studies, University of Southern Denmark
Chief Consultant, Centre for Quality, Region of Southern Denmark
Scientific advisor, Department of Industrial Economics and Technology 
Management, NTNU
Contact: erik.hollnagel@regionsyddanmark.dk

Safety-I: Avoiding something going wrong
Safety has traditionally been defined by its opposite, i.e. the lack of 
safety. An organization or an industry is considered to be safe if nothing 
goes wrong or can go wrong. As a consequence of this definition, Safety-I 

has traditionally – and with good reason – focused on, for example, 
adverse events and accidents. In this mindset, safety can be achieved by 
first finding why something goes wrong, then removing the causes or 
weakening possible cause-effect relationships, and finally counting how 
many fewer things go wrong after the change. Because Safety-I is  
primarily concerned with what goes wrong, research has largely ignored 
that which goes well, despite the fact that this happens far more often.
 
Safety-I was developed through the 19th and 20th centuries, and 
dominated safety thinking in the late 1970s. Safety-I had from the start 
focused on failures and accidents in technical systems, which constituted 
the main concern. Developments since the 1970s have, however, made 
it necessary to describe organizations and industries as socio-technical 
rather than as technical systems. The everyday functioning of a socio-
technical system depends on an effective interplay of social and technical 
factors, and it is consequently not enough if the technology itself works 
safely. Socio-technical systems have, since the 1980s, become increasingly 
complicated and difficult to understand, partly because of the unbridled 

technological and societal developments and partly because of increased 
vertical and horizontal integration in industries and businesses. In any 
concrete situation there will therefore typically be insufficient instructions, 
a lack of information, too little time, and resources that do not quite 
match the requirements – or vice versa.
 
Under these conditions, doing something practically always requires that 
it is adjusted to the situation. This adjustment is usually both efficient 
and useful, but can occasionally lead to developments that proceed dif-
ferently from what was expected. A Safety-I perspective cannot describe 
these conditions, and therefore cannot effectively help to improve such 
situations.
 

 

 

What is Resilience Engineering?
Resilience Engineering has, since the beginning of the 21st century, been 
developed to meet the new safety challenges from complicated and 
intractable socio-technical systems. Resilience Engineering is based on 
the following assumptions:
 
•	 Work	situations	can	never	be	described	in	detail	because	socio- 
 technical systems are too complicated. Individuals and organizations 
 must therefore adjust what they do to match the current requirements  
 and resources. Because resources and time are always limited, adjust 
 ments can never be completely accurate and will always be approximate.
•	 Although	many	adverse	events	can	be	explained	as	a	result	of	failures		
 of components and functions, there is a growing number of events  
 for which this is not possible. Such events can instead be understood  
 as a result of unexpected coincidences of multiple approximate  
 adjustments, i.e. the inevitable variability in how work is carried out.
•	 Safety	cannot	be	achieved	only	by	reacting	to	what	goes	wrong.	 
 Future events may occur because of a combination of performance  
 variability/adjustments that have previously been seen as irrelevant  

 to safety. Safety work must therefore be proactive as well as reactive.
•	 Safety	cannot	be	isolated	from	productivity	and	quality,	or	vice	versa.		
 Safety is a prerequisite for productivity and quality, just as  
 productivity and quality are prerequisites for safety.
 
A safe organization or industry can adjust its operations so that it can 
function in various different – and difficult – situations. Resilience can be 
defined as “a system’s ability to adjust its functioning prior to, during, or 
following changes and disturbances, so that it can maintain its operations 
under both expected and unexpected conditions”. In order to do so, an 
organization must have the following abilities:
 
•	 The	ability	to	respond	to	what	happens,	i.e.	to	know	what	to	do	after		
 regular and irregular interruptions and disturbances, either by  
 carrying out prepared responses, or by adjusting everyday functioning  
 to the situation.
•	 The	ability	to	monitor	what	may	affect	and	interfere	with	daily	 
 functioning in the near future. Monitoring shall cover both what is  
 happening in the environment, and what happens in the system  
 itself, i.e. its own performance.
•	 The	ability	to	learn	from	what	has	happened	(learning	from	 
 experience), and especially to choose the right situations to learn  
 from – both when things are going well and when things go wrong.
•	 The	ability	to	know	what	to	expect,	i.e.	how	to	anticipate	trends,		
 threats and opportunities further into the future, such as possible  
 changes, disruptions, pressures, opportunities, and their consequences.
 
Safety-II: To ensure that things go well
Resilience Engineering leads to a proposal for Safety-II, where the definition 
of safety is changed from being “to avoid something goes wrong” to 
being “to ensure that things go well”. This change has several interesting 
implications.
 
•	 Trying	to	prevent	something	from	going	wrong	does	not	at	the	same		
 time ensure that other things go right, or that quality is maintained.  
 Safety-I assumes that the reasons why things go wrong are different  
 from the reasons why things go right. Otherwise the attempts to 
 eliminate the causes of failures would also make successful outcomes  
 impossible. In contrast to that, both Safety-II and Resilience  
 Engineering assume that ubiquitous performance adjustments are  
 the basis for all events. Safety can therefore be achieved by ensuring  
 that something goes well.
•	 By	going	from	Safety-I	to	Safety-II	the	difference	between	safety		
 and quality is gradually dissolved. In both cases the aim is that as  
 much as possible goes right and that it is done in the right way. But if  
 the purposes of quality and safety efforts are the same, then there is  
 no real reason to use two different concepts. Safety and quality  
 should thus no longer be pursued in two parallel tracks, but instead  
 represent two commensurable perspectives on and interpretations of  
 everyday work.
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and how something works! Research must therefore focus on what  
actually happens in everyday activities – i.e. focus on processes rather 
than results – and must include all levels of an organization as well as the 
organization as a whole. This also makes sense because it is the process-
es that must be managed to change the results. And it is only  
possible to manage something if one also knows how it happens.

Literature
Hollnagel, E., Paries, J., Woods, D. D. & Wreathall, J. (2011).  
Resilience engineering in practice: A guidebook. Farnham, UK: Ashgate

•	 Where	Safety-I	in	general	is	seen	as	a	state	or	quality,	Safety-II	is		
 rather something that happens. Safety is not something an  
 organization has, but something that it does! A system cannot be  
 safe, but it can operate safely. Safety cannot therefore be measured  
 by results (or lack of results, for example, fewer accidents). Safety  
 must be measured by characterizing the process, i.e. the way in which  
 work is carried out or an event develops.
 
The purpose of Safety-II and Resilience Engineering is to ensure that 
every activity goes well, or that as many as possible go well. A prerequisite 
for this is knowing how work is actually done. Safety-I has traditionally  
looked for information on why, when and how something fails or  
malfunctions. yet there is a greater need for knowledge about why, when 
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exPect the unexPected  
– and Search for it
Senior Research Scientist/Adjunct Professor knut Øien,
SINTEF Technology and Society, Safety Research/Department of  
Production and Quality Engineering, NTNU
Contact: knut.oien@sintef.no 
Research Scientist Nicola Paltrinieri,
SINTEF Technology and Society, Safety Research
 
Early on Sunday 11 December 2005, a series of explosions and subse-
quent fire destroyed large parts of the Buncefield oil storage and transfer 
depot. The incident injured 43 people. Fortunately, no one was seriously 
hurt and there were no fatalities, since the accident started early on a 
Sunday morning. The fire burned for five days, destroying most of the 
site and emitting a large plume of smoke into the atmosphere that  
dispersed over southern England and beyond. News reports described  
the accident as the biggest of its kind in peacetime Europe and certainly 
the biggest explosion in the United Kingdom since the 1974 Flixborough  
disaster. The main explosion at Buncefield was of unexpected and  
surprisingly high strength.

Expecting the unexpected – strategies and tools
In many of today’s complex and potentially dangerous socio-technical 
systems one can expect that something unexpected or atypical may 
occur, such as the explosion at Buncefield. Also, new risks emerge due 
to, for example, new technological innovations such as nanotechnology, 
hydraulic fracturing, carbon capture and storage, drilling in the Arctic, etc. 

One strategy to manage the unexpected is to better predict what may 
go wrong, i.e. to better identify potential accident scenarios, such as 
vapour cloud explosions at Buncefield. Another strategy is to obtain early 
warnings about potentially dangerous situations, such as the problems 
with the cement slurry that was a contributing cause to the Deepwater 
Horizon accident. In both cases severe consequences could have been 
avoided. 

Two new methods/tools to implement the respective strategies are 
DyPASI (Dynamic Procedure for Atypical Scenarios Identification) and 
REWI (Resilience-based Early Warning Indicators). Although each of the 
two strategies is useful, we will also advocate a combined use of these 
complementary strategies.

Better identification of what may go wrong
The main idea behind the DyPASI method is to be able to identify atypical 
incidents and accidents that are unknown to the facility in question, but 
known to have happened for similar technology elsewhere. Then it can be 
included in the accident sequence models in the safety reports.

In the Buncefield case, the phenomenon that occurred, i.e. evaporation 
and ignition of gasoline lighter components and subsequent high-

overpressure vapour cloud explosion, was not included as an accident 
sequence in the safety reports. It was not considered possible at  
Buncefield, although the same had happened at similar facilities  
elsewhere on average every half-decade before the Buncefield accident 
(e.g. Newark, USA, 1983; Naples, Italy, 1985; St Herblain, France, 1991;  
Jacksonville, USA, 1993; Laem Chabang, Thailand, 1999).

To continuously update the possible accident scenarios or phenomena 
that can occur for a given type of facility/technology, there is a need for 
continuous monitoring and search for such atypical events. Some large 
companies have appointed specific “risk monitors” to do this kind of  
surveillance. Other companies go even further and watch for new risks 
that may emerge and have consequences for their activities. One  

communicated properly to the crew, they may have been particularly 
cautious when carrying out the negative pressure test, i.e. suspected 
that the cement might not seal the well, and not been so eager to explain 
away the inconsistencies in the test results. The ability of risk under-
standing encompasses risk communication as one of the REWI issues for 
which relevant indicators should be considered. This may have revealed 
the communication problem related to the cement slurry that contributed 
to the Deepwater Horizon accident.

Combined use of complementary strategies
Detailed analyses of the vapour cloud explosion at Buncefield and other 
accidents have shown that an atypical major accident is not the conse-
quence of a single uncommon event, but rather the result of a series of 
failures at different levels of risk management. It is a major challenge to 
foresee combinations of such failures and corresponding accident sce-
narios. Two complementary approaches to dealing with this challenge are 
improved identification of atypical scenarios, to reduce the occurrence of 
unforeseen events, and improved early detection, to reduce the possibility 
of remaining unforeseen events leading to an accident.
 
For this reason REWI was coupled with DyPASI and tested on a Bunce-
field-like case study. The REWI method showed a good capacity to focus 
on underlying organizational aspects, which creates a fertile ground for 
any atypical accident scenario to develop, such as risk knowledge and 
awareness. REWI indicators allow these factors to be kept under surveil-
lance, to identify potential deviations and to undertake appropriate cor-
rective actions. The application and reiteration of DyPASI could be one of 
the corrective actions aiming to enhance risk knowledge management in 
general, and hazard identification in particular. REWI is complementary to 
the result of the hazard identification and supports risk appraisal through 
a parallel and comprehensive action of organizational improvement. 
A mutual activity of prevention using these two methods (REWI and 
DyPASI) would be an effective strategy in which human, organizational, 
cultural and technical factors are addressed by an integrated approach.
 
Dealing with new challenges – emerging risks 
The management of emerging risks, such as risks related to nanotech-
nology, has been the main focus of the European Commission FP7 project 
iNTeg-Risk (Early Recognition, Monitoring, and Integrated Management 
of Emerging, New Technology-related Risks): www.integrisk.eu-vri.eu. 
An emerging risk management framework has been developed which 
provides a common EU approach to facing the challenge of emerging 
risks. DyPASI and REWI are two of the methods included in this new 
framework. Both methods have been developed or further developed 
within the iNTeg-Risk project. (The development of the REWI method 
started within the research project named “Building Safety in Petroleum 
Exploration and Production in the Northern Regions”: www.sintef.no/
buildingsafety.)
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example is the insurance and reinsurance companies, which in some 
cases have a dedicated “emerging risk management” department. 

Earlier detection of potential dangerous situations
The main idea behind the REWI method is that not only expected things 
may happen but also unexpected events may occur and our ability to 
manage the unexpected should be focused on and monitored. This 
includes abilities such as risk understanding, anticipation, attention, 
response capacity and support capacity. Even the ability to improvise is 
important in certain cases of unexpected events; however, it may also 
be controversial. In the case of Apollo 13 (aborting Moon landing after 
an oxygen tank explosion), there were not many other options than to 
improvise in order to return safely to Earth, whereas in the Snorre A 
blowout it can be questioned whether it was a sound decision to stay  
on board and fight the blowout instead of abandoning the installation. 
If the challenges with the cement slurry at Deepwater Horizon had been 
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Safety needS to  
be analySed from 
the front and 
from behind
Senior Scientist Ragnar Rosness, SINTEF Technology and Society, Safety Research, Contact: ragnar.rosness@sintef.no
Interviewed by Lars Martin Hjorthol

Reality is too complex to fit into a single model. We need different 
viewpoints, several perspectives, to obtain a rich picture – in particular 
when analysing the risk of a major accident.

“It would have been very convenient if we could have fitted everything 
into one model, reduced it to one formula”, Senior Scientist Ragnar  
Rosness at SINTEF Technology and Society says. “But there are limits 
to how many thoughts we can keep in the head at the same time. To 
capture as many aspects of reality as possible, we need to systemati-
cally change perspective and point of view. A mountain looks different, 
depending on whether we observe it from the north or from the south. 
“The mountain” in this context refers to the organizational conditions 
that influence the risk of major accidents, for instance in the oil industry. 

“The issue that is the least analysed is how the crew on Snorre A man-
aged to recover control of the well against all odds. They had a very short 
time, it was an emergency, and their lives were at stake. Nevertheless, 
they managed to improvise a solution that may have saved Norway from 
an environmental disaster that might have been more serious than the 
Deepwater Horizon accident in the Gulf of Mexico. It is not enough to 
analyse the causes of error; we also need to learn from the things that 
turn out well”, Rosness says.

Hammer and nails
If all you have is a hammer, everything looks like a nail, a proverb says. 

“Exactly. Or if all you have is a hammer, you may not see problems that 
do not resemble a nail. The point is that those who use a single model, 
for instance in a risk analysis, need to see the limitations of that model. 
Otherwise, their conclusions may turn out wrong”, Rosness says. 

“I do not think it is possible to devise a risk analysis that captures every-
thing. That said, we do need analyses based on conventional energy and 
barrier models. But we should acknowledge that such analyses to not 
capture everything”, he adds.

Every now and then different models and perspectives yield  
contradictory answers. 
 
“yes, and that is when it really gets exciting. Both frustrating and fun”, 
Rosness says enthusiastically. 
 
“Organizations are multifaceted and complex beings. The reality in  
organizations is often ambiguous and incongruous; it depends on who 
you are speaking with. But it is from such discussions that new solutions 
may emerge”, he says.

Power and safety
More recently, Rosness and his colleagues have begun to study the  
relations between safety and power.

“Safety usually has a price, for instance in terms of money, time to com-
plete a project or a job, a more tedious procedure, or less excitement. As 
a consequence, dilemmas and conflicts of interest may occur, in particular 
when those who have to pay for safety are not the ones that are exposed 
to the risk. This is when power comes into play. Power is also involved 
when regulatory authorities seek to enforce laws and regulations, or 
when employers demand compliance to their safety procedures”, he says.

To start this work, Rosness and his colleagues had to make themselves 
familiar with theories of power.

“This proved to be a formidable task. The literature on power goes back 
to Machiavelli and Hobbes, and there are so many different voices in this 
literature, each with their own conception of what power is and how it 
works. The only way to make sense of this literature was to write a new 
report – a report on different perspectives on power and safety”, he says. 

Such accidents virtually always have a complex 
pattern of causes”.

New theory
“The work on analysing major accidents from 
various perspectives on safety started in about 
the year 2000 as an internal job of sorting out 
theories in the project ‘Risk and Uncertainty’”, 
Rosness says.

“A lot of exciting literature and new theory 
about organizations and safety had emerged, 
in particular about major accidents. The project 
group at SINTEF tried to systematize this 
literature and experienced some frustration that 
they were not able to fit it into a single model. 
We therefore borrowed an idea from textbooks 
on the theory of organizations: instead of one 
model, we chose to use several different models 
and perspectives. We chose to consider safety 
from several points of view, and found that we 

saw different things, depending on the point of view”, he says. In 2009, 
the Petroleum Safety Authority of Norway decided to sponsor an update 
of the report.
 
The Åsta accident and the Snorre A incident
In the report the researchers study the train collision at Åsta in 2000 
and the blowout at Snorre A in 2004. Both accidents are analysed from 
several perspectives on safety.

“The main message is that each perspective helps us ask new questions 
and learn new lessons. Leaving out one or more perspectives may cause 
us to miss important lessons that may help to prevent similar events 
in the future”, Rosness says. The researchers did not collect new data 
about the two events, but based their analysis on available investigation 
reports and causal analyses.

“I believe that the complexity of the picture, when viewed from six differ-
ent perspectives, was an eye-opening experience for many people”, he says.
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A long-term cooperation between NTNU researchers, Statoil and crew 
on offshore service vessels has resulted in  improved vessel safety. 
Both personal injuries and collisions between supply vessels and  
offshore installations were greatly reduced in the period from 2001  
to 2012.

”A holistic approach, prolonged engagement and close dialogue with the 
“problem owners”, i.e. the vessel crews, are the keys for this improve-
ment”, summarizes research manager Trond Kongsvik at Studio Apertura, 
NTNU Social Research.

In 2000, Statoil Maritime Operations was seriously concerned about the 
safety development on contracted service vessels. Both personal injuries 
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Research Manager Trond kongsvik, Studio Apertura, NTNU Social Research
Contact: trond.kongsvik@samfunn.ntnu.no
Interviewed by Lars Martin Hjorthol

and the number of collisions between vessels and offshore installations  
increased sharply in the late 1990s. Collisions are possible initiating 
events for major accidents. The vessel operations stood out as the most 
risk-exposed sector in the Norwegian petroleum industry.

Efficiency at the expense of safety
In 2000, Studio Apertura conducted a survey among the crews of the 
vessels on behalf of Statoil. An important conclusion from the study was 
that the increased level of activity and efficiency measures had contrib-
uted to greater work pressure for the vessel crews. ”They felt that safety 
was compromised by the increased efficiency demands. We arranged 
workshops and conferences with people from the vessels and Statoil. 
These measures led to positive changes and improved trust among the 
actors”, says Kongsvik.
After the first survey, a number of changes in rules and practices were 
made, to ensure that the crews had regular rest periods during their  

time ashore. Statoil gathered and simplified the steering documentation  
related to the maritime operations, so that all relevant information 
could be found in one place. Staffing was increased, and there were new 
requirements for noise abatement in crew cabins.

”Previously, there was so much noise that the crew members never got 
enough sleep. Now the “comfort class” noise abatement became the  
new industry standard. Vessels that do not comply with the standard  
are not contracted by Statoil”, says Professor Per Morten Schiefloe at 
Studio Apertura.

”These measures have given a double benefit”, he says. ”Firstly, the 
number of injuries decreased. But the measures have also provided finan-

cial gains. Strengthening of safety requires better planning and a more 
orderly organization. It has provided significant savings”, says Schiefloe.

Interaction
A number of measures were also completed to increase the understand-
ing of each other’s work situation, thereby improving the interaction 
between the actors. Meeting places were established where the actors 
could meet face to face. One of them was the annual Captain’s Forum. 
Every year since 2001 the captains on service vessels and Statoil employ-
ees have met to discuss safety issues.

”The first year there were quite heated discussions, with unequivocal 
messages from the crews regarding their work situation. This resulted in 
many concrete improvement propositions, of which a large portion was 
put into practice. In recent years, the Captain’s Forum has been an arena 
for mutual cooperation, where the participants share a common ambition 
to improve safety”, says Trond Kongsvik.

The many initiatives have yielded convincing results: while there were 
twelve collisions between vessels and offshore facilities in 2000, the 
number has varied between zero and two in recent years. The frequency 
of personal injuries has more than halved during the last twelve years.

Continuous Process
The effort to improve the safety on service vessels has been a continu-
ous process. The researchers have participated in different ways. Safety 
and working environment surveys have been conducted every second 
year since 2001. In addition, a number of studies have been completed 
addressing issues such as the flow of information, challenges for vessels 
on short-term contracts, the captain’s role as manager, different shift 

arrangements, and more. The results of the studies and improvement 
suggestions have been presented and discussed at the annual  
Captain’s Forums.

”Our research approach has involved detailed descriptions of the working 
conditions, using qualitative interview studies and participatory observa-
tion”, says Kongsvik. He describes the researcher roles as mediators and 
facilitators. ”This is classical action research. The work is not finished by 
writing a report; we wish to follow the improvement process until results 
are accomplished. This work has been going on for twelve years and is 
still ongoing. I know of no other action research project that has persisted 
for so long”, says Kongsvik. The project has provided the basis for several 
master’s and PhD theses, as well as several research articles.
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Norwegian companies cannot operate with a health, safety and  
environment (HSE) standard from another country, says Urban kjellén, 
Vice President for HSE in SN Power.

“This does not mean that the HSE standard must be the same, but we 
cannot accept significant differences. We have tried to define a standard 
based on international best practice that we are happy with, at the same 
time we take local conditions into consideration”, says Kjellén who is also 
Associate Professor in Safety Management at the Norwegian University 
of Science and Technology.
 
SN Power is owned by the Norwegian state entity Statkraft (60%),  
a leading renewable power producer in Europe, and Norfund (40%),  
a fund for investment in enterprises in developing countries. SN Power is 
involved in hydro-power projects and operating plants in Asia and Latin 
America. The company is managed on a commercial basis and works 
toward clearly defined developmental and political goals. SN Power’s 
projects give developing countries access to renewable energy and thus 
contribute to economic growth. These projects also contribute to positive 
development in the areas of education, health, infrastructure and local 
business in the communities where the projects are located, says Kjellén. 
The homepage of the company’s website states that it is SN Power’s 
goal to become a leading hydro-power producer in emerging markets, 
contributing to economic growth and sustainable development. However, 
construction projects in markets where SN Power operates often pose 
significant HSE challenges.
 
On November 1, 2008 a headline in Aftenposten, a leading Norwegian 
newspaper stated: “13 people killed in high-profile Norwegian projects”. 
“SN Power is responsible for some of the largest and most successful  
environmental projects in poorer countries. However, these projects have 
a darker downside. Thirteen people have been killed working on projects 
in the past two years”, the newspaper claimed. Their criticism focused 
on a hydro-power project in Himachal Pradesh in the Indian Himalayas, 
which is 43% owned by SN Power.
 
No surprise
“The Aftenposten headlines did not come as a surprise to us. The problems 
in India were very clear to SN Power, and this was one of the reasons why 
I was employed by them in the autumn of 2007”, says Kjellén. Among 
other things he had several years of experience in safety management in 
Norsk Hydro’s international projects. 
 
“SN Power took the high number of severe accidents in the Indian project 
very seriously, and both management and the Board worked intensively to 
develop a strategy to turn the situation around. We also presented the prob-
lems and our concerns at ‘Sikkerhetsdagene’ in Trondheim in October 2008.”
 
In a step-by-step approach, SN Power was able to convince the project’s 
majority Indian owner to take a firmer line in order to overcome the safety 
challenges. An experienced HSE manager from Norway was seconded to  
the project. “We still have problems but have seen positive progress”, 
says Kjellén. 
 
All in all, 14 workers have lost their lives in the Indian project, most of 
them in accidents related to transportation and road works. Since the 

we cannot 
oPerate  
with double 
StandardS
Adjunct Professor and Vice President HSE, Urban Kjellén  
Department of Industrial Economics and Technology Management, NTNU and SN Power 
Contact: urban.kjellen@iot.ntnu.no  
Interviewed by Lars Martin Hjorthol

turnaround operation came into effect, the accident rate, particularly for 
severe accidents, has reduced considerably. The last fatal accident  
occurred in March 2010.
 
An expensive turnaround operation
The experiences from India show that it is possible to change a negative 
situation. However, the turnaround operation required significant effort 
and resources, not the least from the company’s management. A lot of 
time was spent on crisis management and firefighting, and the impact 
on the company’s reputation counted as another loss. Kjellén brings 
both reactive and proactive approaches to HSE work to the table. The 
experiences from India show that a proactive approach is required in SN 
Power’s markets, requiring detailed planning based on an understanding 
of what it takes to achieve satisfactory HSE results. 
 
“HSE is an integrated, natural part of our business in all phases of a 
project. The requirements of the HSE standard are established from the 
start of a project in the pre-feasibility phase. The standards of road, access 
to emergency care and any natural hazards at the site must be taken 
into consideration when a new project is evaluated. We will not enter a 
project if we feel that we cannot achieve an acceptable HSE standard”, 
says Kjellén.
 
More stringent requirements
SN Power also defines stringent HSE requirements for contractors and 
sub-contractors in order for them to qualify to work for the company. 
This often poses a dilemma as local contractors, who provide work for the 
population living around the project site, may be excluded as a result of 
these requirements.
 
“This is not a desirable development. We strive to ensure local participa-
tion by improving the HSE standards of local companies though coopera-
tion with international contractors as overall responsible  for HSE at the 
site”, says Kjellén.
 
“Stringent requirements may also make it necessary to recruit project 
managers from the international market. But the large majority of the 
workforce will be employed locally, and the effects on employment will  
be the same”, Kjellén adds.
 
SN Power has also observed that the security of employees has been 
threatened by social conflicts and criminal acts in some countries. “There 
are a number of links between HSE and Corporate Social Responsibility. 
We can avoid many security problems if the local population supports the 
project because they feel they benefit from it. SN Power is also mainly 
involved in smaller, so called ‘run-of-river’ hydropower projects. We try 
to avoid large dam projects with significant consequences for the local 
population”, says Kjellén.
 
It is a paradox that well-integrated and successful HSE work becomes 
invisible. “Good safety results give the impression that we are in control, 
maybe more so than in reality. As a consequence, HSE receives less 
attention from management, and HSE standards run the risk of being 
lowered. Consistent focus is the key to satisfactory HSE results in the 
long run”, says Kjellén.
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regulation of  
Safety culture?
Phd Student kristine Vedal. Størkersen, Studio Apertura, NTNU Social Research 
Contact: kristine.vedal.storkersen@apertura.ntnu.no 

Improving safety culture is a defined goal for some safety regulators.  
Is it possible? If so, how can it actually be accomplished? These  
questions provided a starting point for an ambitious project undertaken 
by a group of safety researchers from institutions in Trondheim. 
 
“Even though there is a lack of consensus among academics on the term 
safety culture, because of its inherent vagueness, this should not stop 
us investigating how it is approached and used in practical settings”, 
says research manager Trond Kongsvik at Studio Apertura, NTNU Social 
Research. 
 
Stian Antonsen, who is discipline leader and Adjunct Associate Professor 
at the Department of Industrial Economics and Technology Management 

“So far we have visited and interviewed 91 representatives of maritime 
and railway regulators, transport companies and operational personnel. 
We have also received 314 answers to a survey on high-speed passenger 
vessels, and a survey in the railway sector is underway.”
  
An interdisciplinary group of research partners are cooperating in the 
data collection, analysis and publication. In 2013 and 2014 they will  
arrange workshops to present their findings and, together with  
regulators and transportation companies, look at how to develop safety 
measures in the transportation sector.
 
Cross-discipline collaboration
“The RESCUE project is a splendid example of teamwork between the 
ROSS institutions and the rest of the Trondheim research community: 
Partners are Studio Apertura from NTNU Social Research, SINTEF Society 
and Technology, SINTEF Fisheries and Aquaculture and Safetec Nordic”, 
says Trond Kongsvik. 
 
Studio Apertura, SINTEF Technology and Society, and SINTEF Fisheries 
and Aquaculture are multidisciplinary research departments whose  
members have a background in social, natural and technical sciences. 
Safetec is a provider of integrated risk and asset management services. 
 
Researchers in the RESCUE project working with Studio Apertura are 
Trond Kongsvik (project manager), Petter Almklov, Gudveig Gjøsund, Jørn 
Fenstad and Kristine Vedal. Størkersen Safetec is represented by Stian 
Antonsen, Øystein Skogvang and Rolf Bye. Gunnar Lamvik comes from 
SINTEF Technology and Society and Knut Torsethaugen from SINTEF 
Fisheries and Aquaculture. 
 
From Rasmussen with love
The scientific starting point for the RESCUE project was Jens Rasmussen’s 
multi-level perspective. The project investigates how safety culture – 
ranging from the “sharpest” to the “bluntest” end of the risk management 
chain – influences safety. It aims to use knowledge about safety culture 
in efforts to improve safety and address research questions such as: How 
do cultural differences at various organizational and societal levels affect 
safety in the transport sector? How do company managers and regulato-
ry authorities view their own role regarding safety and the development 
of safety culture? How is the role of regulatory authorities in safety and 
the development of safety culture perceived by “sharp end” operators 
and managers in transport companies? How can knowledge about safety 
culture at different organizational and societal levels improve safety? The 
project’s main goal is described by Trond Kongsvik and Stian Antonsen:
 
“We want to improve safety in the cases studied, and generate knowledge 
about the relationship between regulation and safety culture, and how a 
cultural approach to safety improvement can be relevant to other sectors 
of society.”

On the left of the picture are Stian Antonsen, Rolf Bye, Kristine Størkersen,  

Trond Kongsvik and Petter Almklov (Photo: Studio Apertura, NTNU Social Research)

at NTNU and Safetec Nordic goes on, “We have seen that safety culture 
has become a topic for regulators in several industries. Regulators’  
attempts to improve safety are, however, still predominately based on 
structural changes. The relationship between structural measures and 
cultural change needs to be explored by safety scientists.”
 
Multiple levels in multiple transport sectors
Funding for the Regulative Rationalities and Safety Culture Development 
(RESCUE) project was provided by the Norwegian Research Council’s 
“Safety and Security in Transport” program in 2011 and will continue to  
2015. The link between regulation and safety culture is now being  
explored through studies at various societal and organizational levels in 
the Norwegian maritime and railway transportation sectors. Data is being 
gathered through surveys, interviews and observations of personnel on 
and around freight trains, cargo vessels and passenger vessels. Kongsvik 
and Antonsen are satisfied:
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In a control room at Stjørdal, experts are closely monitoring oil and  
gas production at an offshore installation far out in the North Sea. 
What does that say about safety at Haltenbanken?

“So-called integrated operations lead to considerable changes in the way 
work is performed both at offshore installations and onshore support 
organizations. Such changes create both challenges and opportunities for 
safety”, says Associate Professor Eirik Albrechtsen.
 
The development and application of information technology and digital 
infrastructure implies that personnel on the offshore installation and 
onshore workers have access to the same information at the same time. 
Experts in Stjørdal, Stavanger and Houston can participate in real-time 

new technology giveS 
new Safety challengeS 
and oPPortunitieS
 
 
Associate Professor Eirik Albrechtsen and PhD student Siri Andresen 
Department of Industrial Economics and Technology Management, Norwegian University of Science and Technology 
Contact: eirik.albrechtsen@iot.ntnu.no
Interviewed by Lars Martin Hjorthol 
 

support of oil fields in Angola or the Barents Sea. 
 
At least in theory. We’re not there yet. Decision-making is still the 
responsibility of the offshore installation. However, important support 
functions have been established onshore. We are moving in the direction 
of more integrated work processes within and between drilling, opera-
tion and maintenance. Integration is happening between offshore and 
onshore units, operators and contractors, and national and international 
companies.
 
Integrated Operations
Integrated Operations (IO) were first introduced at the beginning of  
the millennium, and have continued to develop in the past decade.  
Researchers at NTNU and SINTEF have been involved in several large-
scale research projects on major accident prevention in IO. Siri Andresen 
and Eirik Albrechtsen are two of them.
 
“We are seeing rapid changes in the way work is organized and performed, 
driven by new technology. The aim is to take faster, better and safer 

decisions. Experience shows that it can be difficult to achieve all of these 
at the same time. Fast decisions are not necessarily the safest”, says 
Albrechtsen. IO development can have both positive and negative effects 
on major accident risk.
 
Albrechtsen and Andersen add, “Integrated operations imply an improved 
ability to monitor what is going on. More people can make sense of the 
data and there is easier access to various experts. This provides better 
decision-making support and faster and improved reactions to unexpected 
problems. However, a challenge is that the system becomes more com-
plex as many actors are involved. It may become more difficult to identify 
and analyze what can go wrong.”
 
“Interactions between offshore and onshore units must be tested. Such 
exercises should include unexpected scenarios. The aim must be to 
strengthen the ability to deal with the unexpected, both onshore and 
offshore” Albrechtsen goes on. 
 
Local knowledge
Another challenge is to make IO work without weakening local knowledge 
of individual installations, says Siri Andresen. Andersen is a PhD student 
and has studied how IO has influenced major accident risk analysis in  
the planning of daily activities. The work has formed part of the research  
project ‘Interdisciplinary Risk Assessment in Integrated Operations’, 
which several members of the ROSS Gemini Center participated in. 
The main results of this project are presented in the book, ‘Oil and Gas, 
Technology and Humans: Risk Assessment Methods in Organizational 
Change’, to be published by Ashgate in 2013.
 
“A disadvantage of IO can be that those onshore may not have the same 
situational awareness as those offshore. Onshore workers may not have 
the local offshore knowledge; they do not perceive smells and vibrations 
in the same way as offshore workers. Local knowledge can also include 
special conditions on individual installations, such as a particular pump or 
valve that can be unreliable. Such local knowledge can be vital in crisis  
situations when improvisation can be required”, Andersen says. A solution 
to the problem of common situational awareness can be the rotation of 
onshore and offshore personnel. In this way onshore personnel will also 
have offshore experience.
 
One safety improvement can be noted: “When functions are moved from 
offshore to onshore, there are fewer people who need helicopter trans-
port. In this way, a risk factor is removed for some workers”, Albrechtsen 
concludes. However, the risk might be equally high when these workers 
start their car to drive to their work onshore!
 
Ongoing research
Research at the ROSS Gemini Center into IO and major accident risk is 
ongoing. It takes place in the context of the ‘Proactive Management of 
Safety and Environment’ project managed by the Center for Integrated 
Operations in the Petroleum Industry. This Center for research-based 
innovation is supported by several industrial partners. Further informa-
tion is available at http://www.iocenter.no/
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the PdS method, 
handbookS  
and tool
Research Scientist Solfrid Håbrekke, SINTEF Technology and Society, Safety Research
Senior Safety Advisor Stein Hauge, SINTEF Technology and Society, Safety Research 
Contact: stein.hauge@sintef.no
Intervju av Lars Martin Hjorthol
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Increased reliance on Safety Instrumented Systems (SIS) in the  
petroleum industry calls for updated tools, methods and data to verify 
the reliability of these systems. 

PDS – which is a Norwegian acronym for ‘SIS reliability’ – is a method 
used to quantify the reliability and production loss of Safety Instrumented 
Systems (SIS). Through the PDS Forum, the PDS method has been  
developed in close cooperation with oil and gas companies, researchers 
and vendors of control and safety systems. Substantial support has been 
received from the Norwegian Research Council. The method is continu-
ously being updated and new method and data handbooks will be issued 
in the spring of 2013. The handbooks are based on extensive experience 
with the operation of SIS in the Norwegian petroleum industry and  
offer appropriate models and data for 
performing safety integrity level (SIL) 
analyses according to IEC 61508 / 61511. 

The PDS method
Predicting the future reliability of equip-
ment and systems is a challenging sub-
ject that is full of pitfalls and conflicting 
interests. Questions related to how to 
carry out reliability predictions and what 
should be included in a reliability analysis 
frequently arise. PDS is a method that 
has been developed to provide a realistic 
answer these questions.
 
The PDS method and associated  
formulas have been expressly designed 
to be as simple and intuitive as  
possible, with no loss in accuracy.  
The method is primarily a tool for non-
experts in reliability, and is expected 
to contribute to the use of reliability analysis in engineering disciplines, 
thereby bridging the gap between reliability theory and application.
 
The PDS forum
PDS forum is a cooperative of oil companies, engineering companies, 
consultants, vendors and researchers with a particular interest in SIS. 
The forum’s vision is to be the central point for the development of SIS 
in the Norwegian petroleum industry. The main focus of the forum is to 
share experiences and ideas related to the design and operation of SIS, 
exchange information on new developments in the field and SIS appli-
cations, discuss the use of reliability data, and provide input and ideas 
for the PDS handbooks. The PDS forum has a long history and in 2011 it 
celebrated its 25th anniversary in Trondheim.
 
There are currently 23 participating companies, who meet twice a year  
for workshops, presentations and technical discussions. A working  
committee has been appointed to assist in planning. This consists of five 
representatives from participating companies together with representa-
tives from NTNU and SINTEF. 

The PDS Tool
In cooperation with NTNU, SINTEF has developed a computerized tool 
(the ‘PDS Tool’) for the quantification of SIS reliability. The tool has 
two main templates (including a graphical module), depending on the 
complexity of the system to be modeled. The tool is based on the PDS 
method and incorporates PDS data. A screenshot is shown below.

The PDS data handbook
The use of relevant failure data is an essential part of any quantitative 
reliability analysis. It is also one of the most challenging issues and raises 
a number of questions concerning the availability and relevance of the 
data, and its underlying assumptions and uncertainties.
 

 
The PDS data handbook provides data reliability information for field de-
vices (detectors, transmitters, valves, etc.) and control logic (electronics); 
it suggests typical values for the most important reliability parameters. 
Care has been taken to thoroughly document the data, both in terms of 
applied data sources and underlying assumptions. The handbook draws 
upon data from sources such as the OREDA database and handbooks, 
real data from operational reviews at Norwegian offshore and onshore 
facilities, RNNP data (Risk levels in petroleum activity in Norway), data 
from safety system manufacturers and discussions and interviews with 
experts.

For more information about PDS see:  
http://www.sintef.no/pds/

Stein Hauge has been SINTEF 
PDS project leader since 2005. 
Photo: Thor Nielsen 

The PDS Forum 25th anniversary in  
Trondheim, May 2011 
Photo: PDS Forum 
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human factorS in control
Senior Researcher Stig Ole Johnsen,  
PhD, SINTEF Technology and Society, Safety Reserach
Contact: stig.o.johnsen@sintef.no
 
In collaboration with the Norwegian University of Technology and Science 
(NTNU), research institutions, industry and consultancies, we have es-
tablished a professional Human Factors network called Human Factors in 
Control (HFC). HFC was established in 2005. Information about HFC can 
be found at the website www.hfc.sintef.no. The focus of the HFC network 
has been to strengthen the collaboration between research, industry and 
government authorities in order to support the human factors perspective 
during design and operations, to support  

“Working well with safety is more than a question of avoiding losses”, 
says Group Executive Vice President Commercial at Tryg, Truls Holm 
Olsen. “It is a question of handling risk correctly, implementing  
adequate preventive actions and reducing the vulnerability that we 
face. Only then can we be certain that we can handle the losses that 
might occur in a good way”. 

“Insurance is all about handling risk, and that compels us to understand 
the landscape of risks that we are in – from fire and person risk, to 
increasingly challenging risks tied to climate. That makes safety research, 
developing competences and sharing knowledge of decisive importance 
to us as an insurer. This gives meaning to our long-running partnership 

collaboration, management and safety. The HFC meetings have  
discussed and explored physical ergonomics, cognitive ergonomics 
(awareness, HMI…) and organizational ergonomics. The definition of  
Human Factors (or ergonomics) is “the scientific discipline concerned  
with the understanding of interactions among humans and other  
elements of a system, and the profession that applies theory, principles, 
data, and other methods to design in order to optimize human well-being 
and overall system performance.” 

Human factors can help us improve our understanding of the root causes 
of accidents and successful recoveries, and thus improve safety. Human 
factors have been identified as the root causes of accidents in varying 
degrees, and figures from 23% to 82% have been mentioned. These dif-
ferences indicate that there are many perspectives that can be explored 
in accident investigations, thus a strong bias is suggested in investiga-
tions, i.e. “What you look for is what you find”. However, human factors 

are also an important element in recoveries and accident avoidance – i.e. 
enabling human factors in control. A US Air Force study of 681 incidents 
found that 659 of these incidents were due to faulty technology that was 
resolved due to human intervention. Only 10 of the incidents were due to 
human errors. Thus human factors have been considered a key area both 
to avoid human errors and to support the human ability to recover from 
an incident and avoid accidents.

The HFC forum is used as a professional network to improve knowledge 
dissemination and to improve HF method sused in design and operations. 
The HFC network has been meeting twice a year, focusing on different 
areas of interest. Researchers, industry, consultants, the authorities and 
students from universities have participated in the meetings, and they 
have appreciated the ability to discuss human factors in a positive collab-
orative environment. Internationally renowned experts and researchers 
from the area of human factors have presented papers at the meetings 
and have participated in the meetings and discussions. 

In collaboration with the Norwegian University of Science and Technology, 
we have offered a 10-day course focusing on basic theory of human  
factors. The course can be used as a part of a Master Degree at NTNU. 
We have offered the course from 2008 with good attendance. 

Verification and validation of HF through the CRIOP method
The CRIOP method is used to verify and validate that organization, 
procedures, training, systems, working environment and layout have 
considered human factors in a control centre, i.e. physical ergonomics, 
cognitive ergonomics and organizational ergonomics. The method has 
been developed in collaboration between research institutions,  
universities, industry and consultants with participation from SINTEF, 
NTNU, IFE, STATOIL, Norsk Hydro, Human Factors Solutions (HFS)  
and Scandpower.

The first version of CRIOP was developed in 1985-90, but the method was 
restructured and changed in 2003, and positioned as a verification and 
validation tool related to the ISO standard 11064. The method has been 
adjusted due to changes in regulations, with the latest adjustments in 
2011. The CRIOP method is based on theory from safety science, human 
factors, security, change management, psychology and action research. 
The method is being used in many different industries; it has been used a 
great deal in the oil and gas industry in Norway as a “best practice” tool. 
The method has been accepted internationally, and is being used more 
often in the UK. In the space industry, the European Space Agency (ESA) 
has also started to use the method. The scenario part of the methodol-
ogy has been useful in discussing challenges related to collaboration 
locally or across borders (both organizational borders and geographical 
borders). The method is freely available at www.criop.sintef.no

good riSk  
management  
iS more than  
JuSt buSineSS
Group Executive Vice President, Corporate, Truls Holm Olsen, Tryg 
Interviewed by Tom Anders Stenbro, Tryg

with NTNU and the Sikkerhetsdagene (Safety Days) conference, and the 
forum it provides”, Holm Olsen says.

“Even though Norwegian HSE legislation is a good starting point for 
achieving a proactive safety culture in the workplace, we see a great need 
for continuous risk counselling for our customers”, Holm Olsen says. “This 
ensures compliance of own workplace routines and contributes to adding 
new risks to existing systems and practices”. 
 
A partnership of interest
An increasing risk of floods in several places in Norway combined with the 
added risk of rock slides illustrates the need for a risk focus that is both 
up to date and can identify new forms of vulnerability. Even with a state-
of-the-art system, there is no guarantee that businesses can identify 
new risks. That means that insurance has an important role to play as a 
provider of know-how and as an advisor. 

“As insurance is all about sharing the customer’s risks, we have a joint 
interest in reducing vulnerability. This partnership of interest has always 
been a driving factor for the work for preventing fires, traffic accidents 
and injuries”, says Holm Olsen. “The insurance industry was, for instance, 
a prime mover in establishing the fire prevention organization Norsk 
Brannvernforening and the traffic safety advocate Trygg Trafikk”.  

A question of safety
When losses occur, the problem isn’t just material damage, but also  
losing the feeling of being safe. When your cellar fills up with water,  
leaving family photographs and computers destroyed, it affects your 
overall feeling of being safe. 

“you feel the loss of valued personal possessions, and you may feel  
that the home that you have always seen as safe and secure isn’t so safe 
after all”, says Holm Olsen. “That is why good risk management is a  
question of safeguarding peace of mind by making sure that customers 
are working on reducing their exposure to risk continuously”. 

Tryg’s concept for giving risk advice to businesses and companies aims  
to safeguard peace of mind through being ahead of the curve. 

“When news risks develop and the overall risk landscape changes, it is 
important for us to change with it. Through always being up to date 
on new risk challenges, we can contribute to them being taken into our 
customers’ systems and practices. In the end, it’s the losses that never 
materialize that both we and the society at large profit from”,  
Holm Olsen says. 

Photo: Tryg
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 After the Deepwater Horizon accident, what can be called an international 
research effort was organized to find out as much as possible about  
the causes of the accident. 

“A characteristic of many of the participants was idealism, a sincere 
desire to contribute their knowledge so that such an incident will not 
happen again”, says Ingrid Bouwer Utne, Professor, Department of Marine 
Technology, NTNU. She was one of the Norwegian participants in the 
Deepwater Horizon Study Group, DHSG. It was established in May 2010,  
a month after the Deepwater Horizon exploded and sank in the Gulf  
of Mexico. 

 

reSearcher  
volunteer  
for deePwater  
horizon
Professor Ingrid Bouwer Utne, Department of Marine Technology, NTNU_Contact: ingrid.b.utne@ntnu.no
Interviewed by Lars Martin Hjorthol 

“They were passionate people, who wanted to contribute, driven by the 
desire to get more facts on the table”, says Utne. At the time she was a 
visiting scholar at Berkeley.

Documentation 
The group was to gather as much documentation as possible about the 
causes of the accident and the efforts taken to control the blowout, and 
on that basis make recommendations on measures to reduce the risk of 
similar accidents occurring in the future. The group proposed providing 
independent expert information for the public, government and industry, 
as well as building a digital archive system with information accumulated 
during the investigation. The archive and reports of the accident can be 
used by researchers and others in further studies.

The DHSG report was presented in spring 2011 and is available at
http://ccrm.berkeley.edu/deepwaterhorizonstudygroup/dhsg_ 
reportsandtestimony.shtml
 
Independent 
”Government agencies and the companies involved initiated a number  
of investigations and studies into the Deepwater Horizon disaster. Ne-
vertheless, it was useful to have “private” initiatives of this kind”,  
according to Utne.

”The National Commission had seven board members, none of them  
engineers. They relied on drawing from the expertise of others. DHSG 
made contributions to the Commission and the authorities. Our initiative 
was interdisciplinary, with members from both industry and academia. 
And perhaps most importantly, it was independent, in terms of both  
industry and government. There were no ties to actual companies or 
other conflicts of interest that would disqualify or take from the impor-
tance of the work”, says Utne.

”I learned a lot from participating in this working group. For me personally  
it was very interesting to get an insight into the complexity of opera-
tions, which identified that ongoing quality assurance and communica-
tion between disciplines and companies is essential. It is clear that these 
processes failed in this case. Important information did not reach where 
or whom it was destined for. It’s scary, but important to learn how to 
avoid similar accidents on the Norwegian continental shelf”, Utne says.

There are students at the Department of Marine Technology at NTNU 
who now get the benefit of her experience in DHSG. 
 
”The work has provided an insight into accident investigation, into how 
to conduct work to find the root causes of major accidents. This experience 
is very helpful in teaching at the department as for the students it be-
comes more interesting and relevant when we can start with something 
that recently happened”, says Utne.

Berkeley 
DHSG sprang out of the Center for Catastrophic Risk Management 
(CCRM), a kind of interdisciplinary Gemini Centre for Safety researchers 
from different disciplines at Berkeley, University of California. Professor  
Robert Bea at Berkeley participated in the State Department’s first 
investigation of the accident and was encouraged to continue this work, 
said Utne. 
 
DHSG was organized as a kind of international research effort. The group 
included 64 scientists, experts and people with long years of experience 
in the oil industry. In addition, there are some who participated but  
could not be named in the working group report, partly because they can 
be brought in as expert witnesses in litigation after the accident. Many 
worked in their spare time, without salary or other form of financial 
compensation. 
 



44 45Safety must be created and recreated every day. There are no final solutions.Safety must be created and recreated every day. There are no final solutions.

In order to prevent major accidents, all levels of the organization have 
to learn to cope with the unexpected. Regulations and procedures are 
not enough to ensure safety in complex organizations. This is the  
conclusion of SINTEF research scientists who have reviewed investiga-
tion reports from the Deepwater Horizon accident.

“A similar accident could also have happened on the Norwegian  
Continental Shelf, if not in the same way”, says safety researcher Ranveig 
Kviseth Tinmannsvik at SINTEF Technology and Society.
 
“Any major accident is unique. But we are facing similar challenges and 
risks on the Norwegian Continental Shelf. Many of the underlying causes 
and contributory factors recur in several events. Therefore, we have to 

Lessons learned 
The disaster led to the launch of several investigations and studies. The 
Petroleum Safety Authority Norway (PSA) assigned SINTEF to review and 
systematize information from investigations following both the Deepwater  
Horizon disaster and other major accidents in the petroleum sector, 
including events at Snorre A in 2004 and Gullfaks C in 2010. The project 
was carried out by a multidisciplinary group of researchers from SINTEF, 
MARINTEK, NTNU and the University of Bergen. 
 
“The main purpose was to contribute to the lessons learned and provide 
recommendations that can reduce the risk of similar accidents on the 
Norwegian Continental Shelf”, says Tinmannsvik, who was the project 
manager. “The accident did not happen as a result of one crucial misstep 

learn as much as possible from the Deepwater Horizon accident”, she says.
 
“This is about learning – individual and organizational learning. It’s about 
learning from failures and also learning from failures that did not happen, 
i.e. accidents that were avoided”, says Tinmannsvik. Tinmannsvik has 
previously been responsible for a study in the context of the ACCILEARN 
project, where scientists from SINTEF / NTNU explored the learning 
processes from two major accidents in Norway: the high-speed accident 
involving MS Sleipner (1999) and the railway accident at Åsta (2000).
On April 20, 2010, an uncontrolled blowout occurred on the Deepwater 
Horizon drilling rig in the Gulf of Mexico. Drilling fluid combined with large 
quantities of oil and gas poured onto the drilling platform. This was fol-
lowed by explosions, and then the rig caught fire. Eleven workers, out of 
a crew of 126, perished. The oil flowed from the well for 87 days onto the 
seabed at 1,500 meters. The spill was the largest in United States history.

or a single technical failure, but as a result of a series of events, decisions, 
misjudgments and omissions that revealed a systemic breakdown”,  
summarizes the report.
 
Recommendations
“Our recommendations range from technical measures, such as the up-
dating of standards and evaluating the requirements of current blowout 
preventers, to emergency preparedness, organization and management”, 
says Tinmannsvik.
 
“The main challenges are related to risk assessments and management 
of change, communication, information flow and collaboration between 
the various parties involved –both on the facility and between the facility 
and experts onshore.”
“Inadequate communication and collaboration between parties are often 
contributing causes to major accidents. One of the key recommendations 
we provide to industry is to facilitate better communication and col-

laboration between different actors and to ensure support from onshore 
experts in safety-critical decisions and operational tasks”, she says.
 
Resilient organizations
The report emphasizes that improvements are needed in the ability to 
cope with the unexpected; specifically it says, “Develop safety manage-
ment strategies that both ensure compliance to requirements, as well 
as resilient abilities to adapt to changes, to both handle anticipated and 
unanticipated situations”.
 
It goes on to argue that the offshore industry has passed the stage 
where organizational conditions are stable and individual tasks change 
little over time. Instead, we are faced with increasing complexity, many 
interacting players, frequent reorganizations and new work processes, 
and rapid technological changes.
 
“This provides new safety challenges. We will constantly be one step 
behind in terms of understanding and describing what can go wrong. The 
challenge is to develop resilient organizations, where all participants have 
a good understanding of risk and a safety awareness that will enable 
them to cope with unexpected situations and improvise safely and effec-
tively in critical situations”, says Tinmannsvik. It was probably this kind of 
skill and ability to improvise that prevented a critical situation on Snorre 
A in November 2004 from escalating into a major blowout.
 
A resilient organization requires knowledge, experience and good collabo-
ration between individuals and the organization. Therefore it is important 
that employees are given the time and space to gain the knowledge they 
need, for example by accompanying more experienced personnel to learn 
the signals they should be aware of.
 
“Nowadays, most organizations are slim, with little buffer capacity. 
Resilient organizations require a certain amount of redundancy, a little 
more reserve capacity. I think the Deepwater Horizon disaster will cause a 
change in thinking about the way safety is built into organizations”, says 
Tinmannsvik.

Learning to learn
Among the recommendations to the industry is the creation of a so-
called ‘learning unit’ that can facilitate the systematic exchange of 
experience and learning from incidents in different industries.
 
“In the aftermath of accidents and incidents, authorities and researchers 
often claim that there is a lack of ability to learn from an organization’s 
own failures, as well as other companies and industries. The French 
nuclear industry has a risk monitoring service, which monitors major 
accidents globally. Investigation reports are reviewed systematically 
and aspects that provide opportunities for learning are selected based 
on their relevance to the industry. This could also be a good idea for the 
Norwegian petroleum industry”, says Tinmannsvik.
In addition to learning from what went wrong, it is important to learn 

from successful operations and successful recovery from situations that 
could have gone out of control. 
 
“The aim is to strengthen the industry’s ability to translate knowledge 
and experience into effective actions within their own organization. In 
short, learning to learn”, says Ranveig Kviseth Tinmannsvik.

learning to 
coPe with the 
unexPected
 

Ranveig kviseth Tinmannsvik, Senior Research Scientist, PhD, SINTEF Technology and Society, Safety Research
Contact: ranveig.k.tinmannsvik@sintef.no
Interviewed by Lars Martin Hjorthol 

 

- leSSonS from deePwater horizon
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The oil companies are not learning from previous incidents and are not 
able to avoid the same mistakes being repeated, according to a review 
of investigation reports after gas leaks on the Norwegian shelf. 

”Many of the leaks that we studied had similar causes. The same  
mistakes were repeated, even within the same companies”, says research 
manager Trond Kongsvik at Studio Apertura.

Since 2007, the number of hydrocarbon leaks on the Norwegian conti-
nental shelf has increased. On behalf of the Norwegian Petroleum Safety 
Authorities, researchers from Studio Apertura and SINTEF reviewed over 
40 investigation reports after hydrocarbon leak incidents at offshore  

oil comPanieS 
and learning
 
 
Research Manager Trond kongsvik, Studio Apertura, NTNU Social Research
Senior Research Scientist Bodil Aamnes Mostue, SINTEF Technology and Society, Safety Research
Contact: trond.kongsvik@samfunn.ntnu.no
Interviewed by Lars Martin Hjorthol

approach to redesigning inadequate technical solutions. Nearly 40 per 
cent of the incidents could be linked to poor or inadequate design and 
could in theory have been avoided with more robust solutions.

”It can be about simple things like valves that are operated in the same 
way, and that they are placed so that they are easy to operate”, says 
Mostue.

Secondly, the industry must ensure learning and experience transfer and 
use information about past incidents in a systematic manner for preven-
tative purposes.

”One should not solely rely on one-way channels like intranet and news-
letters. In order to develop the learning ability, meeting places where 
people can get together and discuss common experiences and practical 
changes are needed”, says Kongsvik.
 
More precise measures
Thirdly, the industry has a significant potential for improvement in terms 
of defining precise and concrete measures. Many of the measures are far 
too general. ”It is important to get the right people, with the right know-
ledge, in the investigation groups. We also ask if the investigation groups 
have a mandate that gives them sufficient will and power to suggest 
major technical changes”, says Mostue.

The researchers also suggest the establishment of an industry forum 
where operators together with contractors, subcontractors and engi-
neering companies review relevant investigations to identify targeted 
measures. Here you can also ensure transfer of experience from the 
operational phase to the design phase, both for new construction and 
modifications.
 
Need for better tools
And fourthly, the industry needs to improve in terms of assessments 
and analysis of risks and potential for major accidents in the operational 
phase. ”Here a paradigm shift is needed. The tools we have today are not 
good enough”, says Kongsvik.
 
The researchers’ findings and recommendations are the basis for a chap-
ter in the Petroleum Safety Authority (PSA) RNNP 2010 (the authority’s 
annual report on trends in risk level in petroleum activity), which was 
presented in spring 2011. In this report, the PSA states that the industry, 
under the auspices of the Norwegian Oil and Gas Assocation, should 
initiate a broad project to develop new methods and tools in order to 
“analyse, assess and control the risk of major accidents in the operational 
phase of an installation”. The project should include extensive research 
activity, while ensuring the involvement of relevant user groups in the 
industry, writes the PSA Norway.

 

oil- and gas-producing installations. The causes for the leaks were studied 
and the goal was to see what could be done to reverse the negative 
trend. Hydrocarbon leaks can lead to major accidents.

The researchers also considered the appropriateness of the measures 
that were implemented, compared to the identified causes in the inves-
tigations. 
 
”There was a low degree of correlation between the triggering factors 
and the measures that were specified. The measures were often very 
general and did not necessarily lead to changes in practice”, says Bodil 
Aamnes Mostue, Senior Scientist at SINTEF.

Challenges
The researchers summarized the four main challenges on the basis of  
the review: Firstly, the petroleum industry should have a more proactive  
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Master’s degree in Health, Safety and Environment
 
The Department of Industrial Economics and Technology Management 
offers a two-year Master’s degree program in Health, Safety and  
Environment (HSE). The aim of the program is to provide students with 
the knowledge and skills to plan, develop and secure a good working 
environment, environmental performance and safety management  
practices in companies.
 
Good HSE performance is created by the interplay of humans, technology 
and organizations; this is reflected in the program content. The inter-
disciplinary approach gives students a foundation for practical analysis 
and safety management. The Master’s degree program offers four main 
areas of specialization: HSE management, safety management, occupa-
tional health, and environmental management. 
 
HSE management
With this specialization students acquire skills and knowledge related 
to how HSE management can be made an integral part of organizations; 
how HSE problems can be solved; and how organizations can meet HSE 
requirements. Students also follow courses in organization and manage-
ment offered by the Department of Industrial Economics and Technology 
Management.
 
Safety management
With the specialization students learn about key safety challenges in 
private and public organizations. Students learn how to apply tools and 
methods for safety management, and how safety management is organ-
ized in industrial companies. This program offers a vertical perspective on 
safety management, i.e. there is a focus on the link between regulators, 
company management and operations. This specialization covers a broad 
range of safety-related topics; from occupational accident prevention to 
societal safety.
 
See http://www.ntnu.no/studier/mihms for more information

courSe offered at  
the roSS gemini centre

Master’s Degree in Safety, Reliability and Maintenance
 
The Department of Production and Quality Engineering at NTNU offers a 
two-year international Master’s degree program in safety, reliability and 
maintenance. The program is open to Norwegian and foreign students 
holding a three-year engineering degree.
 
Is it acceptable that a small error may cause the brakes of a car to fail? 
Or can we prevent the situation where the increasingly complex products 
and systems that we surround ourselves with increase the possibility of 
loss of lives and damage to the environment?
 
The objective of this Master’s degree program is to give students the 
knowledge and skills necessary to design and operate safe, reliable and 
maintainable systems. you will learn how products and systems can be 
used in a safe way and how failures can be avoided. Furthermore, you will 
learn how maintenance can be planned and carried out in a cost-effective 
manner.
This Master’s degree program is the only one of its kind in Scandinavia 
and it builds on extensive experience from industrial projects, teaching 
and research. All lectures are given in English.
 
Who should apply?
This program is suitable for you if you have an analytical mind, like to 
identify and solve both theoretical and practical problems, are able to 
work in a structured and systematic way.
 
Advantages
The joint resources of NTNU and SINTEF represent the largest group of 
researchers in the field of safety, reliability and maintenance in Europe. 
Students therefore have access to a large and varied professional envi-
ronment. Many students of the RAMS Master’s degree programs have 
been offered summer internships at SINTEF and have prepared their 
thesis in cooperation with SINTEF.
 
See http://www.ntnu.edu/studies/msrams/ for more information.
 
 
Risk Perception and Risk Communication
 
The department of Psychology offers a course in risk perception and risk 
communication. The course provides particpants with knowledge about 
the contribution of Psychology and other relevant research areas to the 
fields of risk perception and risk communication; ethical issues related to 
risk research and risk evaluations; and about rules and conduct related to 
public participation processes. 
 
See: http://www.ntnu.edu/studies/courses/PSy8002#tab=omEmnet
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Continuing education Master’s degree in Safety, Reliability  
and Maintenance
 
As part of their continuing education program in Organization and  
Management (MOL), NTNU also provides a specialization in safety, 
reliability and maintenance. A continuing education Master’s degree is 
intended for those who already are working and want to study for a  
Master’s degree in parallel with working full-time. The degree usually 
takes 3-4 years to complete. 
 
This Master’s degree will give students knowledge and skills that they 
can use to design and operate safe, reliable and maintainable systems. 
you will learn techniques for analyzing and understanding why fail-
ures and accidents occur, from a Man-Technology-Organization (MTO) 
perspective. you will learn methods and techniques for analyzing the 
safety and reliability of systems, together with safe and cost-effective 
approaches to systems’ maintenance. This is important throughout the 
lifecycle of a system
 
This program is suitable for you if you have an analytical mind, like to 
identify and solve both theoretical and practical problems, are able to 
work in a structured and systematic way.
 
This Master’s degree comprises four courses in organization and man-
agement, followed by four specializations, chosen from the following:
 
1. Reliability of Safety-critical Functions
2. Maintenance Optimization
3. Risk Analysis
4. Industrial Safety and Reliability
5. Maintenance Management
6. Safety and Organization
 
For more information see  
http://videre.ntnu.no/pages/mastergrader/organisasjon_og_ledelse/
spesialiseringsmodulen/sikkerhet_og_paalitelighet/ 

Specialization in Marine Operation and Maintenance Engineering at  
the Department of Marine Technology, NTNU
 
The Department of Marine Technology offers a specialization in Marine 
Operation and Maintenance Engineering to students taking the five-year 
degree program and the two-year Master’s program. 
 
Marine operation and maintenance engineering cover important activities  
needed to ensure a safe and environmentally-friendly system that  
functions smoothly. We focus on marine systems, such as ships, offshore 
installations, marine renewable energy production systems, fisheries and 
aquaculture.
 
The operation of a ship, an offshore wind farm, or an oil and gas installa-
tion requires extensive knowledge of production processes and technical 
systems, including methods for system reliability, safety, maintenance, 
and operation management.
 
The planning and optimization of maintenance involves not only the  
development and use of mathematical models and operations research, 
but also the analysis of human and organizational factors. Safety and  
reliability include the assessment of technical, human, environmental 
and organizational factors, which makes this a very exciting area to work in.
 
The Department offers both basic and advanced courses. 
Please see our website for more information:  
http://www.ntnu.edu/imt/ms/operation/
 
Continuing education
The groups at the ROSS Gemini Center offer several continuing  
education courses. Some of these courses can be tailored to meet  
companies’ needs.

Some examples include:
- Risk-based Maintenance and Renewal of Power Grids
- Safety Management for the Norwegian Government’s  
 Railway Services Agency
- Accident Investigation
- Introduction to Human Factors and Integrated Factors



www.ntnu.edu/ross


