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Severe Accidents in the 
Energy Sector

Up to 10 000 miners die every year in Chinese coal mines. Our use 

of oil costs hundreds to thousands of human lives yearly through 

accidents. The collapse of two hydro storage dams in 1975 caused 

the death of 26 000 people in China. And Chernobyl not only caused 

31 immediate fatalities, but also many future latent fatalities. In-

surance companies continue to pay high monetary damages, but 

there remain other damages to humanity and nature which no one 

pays.

How should this problem be tackled? A detailed, comprehensive and tar-

geted analysis of accidents reveals the weak points in the energy infrastruc-

ture. For this reason PSI has built up ENSAD, the world’s largest database 

of severe accidents in the energy sector.

ENSAD shows that the most accident-prone energy sectors are fuel extrac-

tion, refining and transportation in fossil energy chains, as well as hydro-

power in the less developed (non-OECD) countries. The lowest fatality rates 

and significantly lower externality costs in contrast belong to western hydro 

and nuclear power plants. However even here with minimum accident prob-

abilities the maximum consequences can be very severe.

The costs of severe accidents due to human causes are significant, although 

still small in comparison to natural catastrophes or energy-related air pollu-

tion. Whether some “natural catastrophes” are caused or strengthened by 

human influences is still unclear. In the case of floods, there is much to be 

said for such a connection.

An open and balanced treatment of accident statistics and risks is neces-

sary. Comparisons based on these can contribute to decisions on energy 

policies and achieving safety goals. This potential can lead to the further 

development of cooperation beween energy companies, insurers, officials 

and technology transfer to other countries.
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Severe accidents are a very contro-
versial topic in public perception and 
energy politics. Therefore they are the 
main focus of investigations, even when 
the sum total of the many small acci-
dents is significant. The objective ex-
pression of accidents and risks in every 
case is only possible on the basis of com-
prehensive data collection and evalua-
tion.

The database ENSAD (Energy-re-
lated Severe Accident Database) at PSI 
concentrates on comprehensively cov-
ering severe, energy-related accidents 
and their technical aspects. This means 
not just accidents occurring during ac-
tual energy production, but also consid-
eration of the complete energy chain. 
Accidents occur in every stage of this 
chain from exploration to extraction, 

refining, storage, distribution, and fi-
nally waste disposal. Other human-
caused (anthropogenic) accidents and 
natural catastrophes are also reviewed, 
but somewhat less explicitly. ENSAD 
currently contains 18 400 entries, of 
which 70% are anthropogenic accidents 
and 89% fall into the period between 
1969 and 2000. A third of all the events, 
and half of all anthropogenic accidents, 
are energy-related. Barely half of the 
energy-related accidents (3117, or 49%) 
are classified as severe. Of these, 2078 
involved 5 or more fatalities, and around 
75% occurred in non-OECD countries.

More and larger damages
ENSAD allows us to make conclu-

sive analyses and calculate technical 
risks, including the probability of dam-
age occurring and the expected level of 
damage. The numbers show that ener-

gy-related risks in the industrialized 
countries of the OECD are significantly 
lower than in the middle or less devel-
oped non-OECD countries. The reasons 

are differences in the technologies ap-
plied, safety standards and the general 
safety culture. But as the end-users (e.g. 
of oil and gas), developed countries also 
bear a certain co-responsibility for these 
accidents and damages (see also page 3). 

Severe accidents in the energy sector 
are an important part of the total number 
of anthropogenic accidents. In spite of 
technological improvements in the en-
ergy sector the number of accidents has 
grown, due to the significant growth in 
world population and the even greater 
growth in energy demand. Catastrophes 
in highly developed countries frequent-
ly lead to immense economic damages, 
but comparatively few deaths, while in 
less developed countries this tendency is 
reversed.
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Where population density, living 

standards and mobility climb, 

the complexity of the technical 

infrastructure also increases. 

 Society is more easily injured, 

and dealing with the risks from 

technology and nature gains a 

central significance. But we still 

perceive risks, accidents and 

damages selectively and subjec-

tively. An undistorted view of the 

entire situation is essential to 

deal factually and appropriately 

with risk. 

Figure 1: Fatalities in all categories of severe accidents and natural catastrophies 
From 1969 to 2000 there were almost 3.4 million fatalities in severe accidents and natural catstrophes. 
Of these victims, about 90 % were due to natural catastrophes and 10 % due to severe accidents; 40 % 
of the latter were victims of energy-related accidents. The largest anthropogenic catastrophes claim 
one to two orders of magnitude fewer victims than the largest natural catastrophes. In contrast about 
4.3 million people died worldwide in conflicts, or 25 % more than caused by natural catastrophes and 
anthropogenic accidents together. 

 Half of all anthropogenic 
 accidents are energy-related

What is a severe accident?

An accident is severe, when at least one 

of the following consequences occurs:

1. 5 or more fatalities

2. 10 or more injuries

3. 200 or more evacuations

4. a far-reaching ban on the consumption

 of food

5. a release of at least 10 000 tonnes of

 hydrocarbons

6. the cleanup of a land or water surface

 of 25 km2 or more

7. economic damages of at least 5 mil-

 lion USD (year 2000 exchange rates)
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S T A T I S T I C S

Accident or Catastrophe?
Stacks of Data



The majority of accidents in fossil 
energy chains do not occur in power 
plants, but rather in other stages in the 
energy chains. In contrast, hydropower 
accidents only occur near the area of the 
storage dam or reservoir. Over 95% of 
the victims in the coal chain lose their 
lives in mines, primarily due to gas ex-
plosions. With oil, the transportation to 
the refinery and regional distribution 
are the most accident prone stages; most 
frequent are tanker accidents at sea and 
street accidents involving tank trucks. 
Transportation is also the weak stage in 
the gas chain, which is dominated by 
pipeline accidents. While coal chain vic-
tims are almost exclusively work-relat-
ed, gas and oil accidents involve a sig-
nificant number of innocent bystanders 
as victims. If a storage dam breaks then 
the general populace is almost exclu-
sively affected, with the exception of the 
dam operators. Nuclear plant accidents 
may also lead to immediate fatalities, 
but here the deaths are dominated by 
latent (delayed) fatalities due to even-
tual cases of cancer (see the insert).

Aggregated Indicators 
The number of immediate fatalities 

from energy chains divided by their 
 relative electricity production gives a 
measure in “deaths per gigawatt year” 

(GWeyr) that allows a direct comparison 
between various energy chains and re-
gions.

OECD countries show significantly 
lower fatality values than those for 
non-OECD countries. Among the fossil 
chains liquified petroleum gas (LPG, 
which is mostly propane) causes the 
most accidents, but oil and coal are also 
clearly worse than natural gas. Western 
style nuclear and hydropower plants 
have the lowest fatality values – except 
in non-OECD countries where dam 
breaks can claim thousands of victims. 

When one reviews the latent fatalities 
for the only severe nuclear accident 
with an impact on human health (Cher-
nobyl), then estimates of latent deaths 
would range from 13.9 to 51.2 deaths 
per GWeyr (for non-OECD countries). 

However extending these risks for nu-
clear energy to current OECD countries 
is not relevant, because OECD plants 
use other, safer technologies. This is also 
predominantly true for the current situ-
ation in non-OECD countries. In the 
OECD, latent fatalities based on prob-
abilistic safety assessment (PSA) are 
therefore generally significantly lower, 
around 0.02 fatalities per GWeyr. 

External Costs
The “external costs” of severe acci-

dents in the energy sector are the costs 
that are caused by accidents within the 
energy chain, but which are not born by 
those causing the accidents. In contrast 
to the external costs caused by air pol-
lution damages of 1 to 11 €-cent/kWh 
which pose a real problem, the external 
costs caused by severe accidents in the 
energy sector are scarcely significant (e.g. 
natural gas: 0.00044 –0.00063 €-cent/
kWh). The most expensive external fac-
tors to come may be the daily creeping 
catastrophes caused by  humanity's hun-
ger for energy, such as climate change 
caused by CO2 emissions.
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Natural gas is the safest 
 fossil energy carrier 

What are the weak links in the energy chain, and why? Exact acquaintance 

with events, their possible causes, dimensions and relationships gives 

hints for potential improvements and effective measures, whether on the 

technical or regulatory levels.

Figure 3: Immediate fatalities per GWeyr.
The bars in dark blue and orange show domestic fatalities, and the light blue and orange bars show the 
“imported” or “exported” fatalities. For the OECD the light and dark bars should be added, and for the 
non-OECD the light bar should be subtracted from the dark bar. The exact values for each bar are shown 
in the figure, with the allocated values in brackets.
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 Coal Oil Natural Gas Hydropower Nuclear

Exploration and 
production/ 
processing

Explosions 
and fires in coal 
mines

Well blowouts, 
 accidents on 
 drilling platforms 
at sea. 

Well blowouts, 
accidents on 
drilling plat-
forms at sea.

Transportation Tanker accidents 
at sea

Pipeline 
 accidents

Processing / 
storage

Process acci-
dents in refineries 
and tank farms

Regional / 
local division

Overturning and 
collisions of tank 
trucks

Pipeline 
 accidents

Powerplant or 
heat production

Process 
 accidents

Overflow or 
 failure of 
 storage dams

Core meltdown 
with large 
 release of radio-
activity

Waste treat-
ment/disposal

Figure 2: Relative share of accidental fatalities in the stages of various energy chains.

0 – 5 % 5 –15 % 15 –30 % 30 – 60 % 60 –100 %

Allocation of dam-
ages on the basis 
of imports and 
 exports.
The OECD imports 
much oil and some-
what less gas from 
the non-OECD coun-
tries. A large 
number of severe 
accidents in non-
OECD countries are 
related to energy ex-
ports to the OECD. 
Within the frame-
work of sustainable 
development, the in-
dustrial OECD coun-
tries should assume 
a certain share of 
these damages.

A  V I E W  I N  D E T A I L

Energy Chains on the Test Stand



Risks and damages – are there trends?
Menzinger: Insured losses caused by 

natural catastrophes have climbed mas-
sively over the last 30 years, above all 
due to high population density and the 
increase in insured value, and partially 
due to the high susceptability to damage 
of modern technologies and materials. 
Rising damages alone are no indicator of 
an increase in natural dangers. Scientific 
research does however predict an in-
crease in certain natural risks due to cli-
mate change.

How does Swiss Re deal with the green-
house effect?

Menzinger: Global warming is today 
uncontested. How much of it is anthro-
pogenically caused still requires more 
exact research. The development of the 
risk is important for us. Risks must first 

be scientifically analyzed and so become 
estimable, so that we can seek ways to 
minimize them. Swiss Re therefore sup-
ports broad-based research work and 
places a high value on raising awareness 
in politics, the economy, and among the 
broader public. Because of the poten-
tially severe consequences of the green-
house effect, the principal of prevention 
is central in all our activities. 

Are there limits to insurability? 
Porro: Insurers attempt to push these 

limits, but are themselves reaching the 
borders of possibility. The amount and 
frequency of damages are often very 
uncertain. This prompts cooperation be-
tween insurers and government, which 
allows a partial coverage against dam-
ages. If potential damages reach the in-
surer's limit, solutions will become nec-
essary with the participation of all 
participants, the transfer of risks in the 
capital markets, and finally the state act-
ing as the “insurer of last resort.” The 
open and constructive cooperation of 
those affected, insurers and the state can 
still achieve much.

Menzinger: The insurance industry 
must be able to insure weather risks in 
spite of climate change. At the present, 
the climate problem does not funda-
mentally call this into question. 

Is public consciousness of risk chang-
ing?

Porro: Yes. The perception of risk is 
important, and can even contradict facts. 
For example, people have complained 
about the consequences of non-existent 
radiation even before local cell station 
antennas for mobile phones were 
switched on. Gene technology is not 
questioned when it leads to new medi-
cines, but is seen by some as a great 
threat when animals and plants are af-
fected. Extremely put, risk is created 
here by public perception.

 Self-chosen risks are more easily ac-
cepted, while passive risks are more con-
tested. Equally as important as risk anal-
ysis is the decision over the amount of 
residual risk which a company or society 
is ready to accept. Zero risk is impossi-
ble.

How do insurers react to new technol-
ogies?

Porro: Experience teaches us to dis-
cuss questions in a group that contains 

the most possible stakeholders. Insuring 
new, hard-to-analyze and barely quanti-
fiable risks is a form of investment poker 
with the goal of designing products and 
prices so that a functioning market can 
be created. Insuring is opportunity and 
risk together.

Where does the stakeholder's respon-
sibility lie?

Porro: The principle of sustainability 
is generally accepted today, even when 
the positions of stakeholders are strongly 
influenced by competition and short-
term interests. A change in thinking will 
take place when companies acting on 
the principles of sustainability are prov-
en significantly more successful than 
their competitors.

Menzinger: Insurers can help to in-
dicate risks, to analyze them and to cre-
ate risk reduction with differentiated 
premiums and incentives for self parti-
cipation. Foresight is also equally de-
manded of politics, the economy and the 
public.

Risk Management in the Course of Climate Change
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Prevention is central to  
risk minimization
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Fatalities are by far the most dependable in-

dicator for severe accidents. With fossil en-

ergy carriers and hydropower, fatalities oc-

cur immediately after the event, while for 

nuclear power plants so-called “latent” 

fatalities must also be considered. This 

means every affected person who dies of 

delayed consequences from years to dec-

ades after the accident.

The number of natural catastrophes  
and anthropogenic accidents has increased 
strongly in the last three decades. It is how-
ever very difficult to associate how this in-
crease is related to the observed climate 
warming on the basis of individual events. 
But is it clear that the ever denser population 
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Figure 4: Examples of natural catastrophes 
and severe anthropogenic accidents. The size 
of the pie charts is proportional to the total 
number of fatalities per region (North America, 
South America, Europe, Asia, Africa, Australia, 
Oceania) and shows the shares of the various 
accident categories.

of areas exposed to risks (e.g. floods, storms 
and seismic activities) plays an important 
role. The economic damage has also similarly 
increased, with total damages of 147.6 billion 
USD in the 1970’s growing to 703.6 billion 
USD in the 1990’s. In comparison, total in-
sured damages grew more strongly, from 13.7 

billion USD to 132.2 billion USD (Source: 
Munich Re), reflecting the fact that in the 
industrialized countries a significant share of 
damages are insured, which is not true in the 
less developed countries. 

Severe Accidents Worldwide
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Aggregated indicators like accidental 
fatality rates (page 3) certainly allow com-
parisons between the energy chains, but do 
not allow judgement on the basis of the 
severity of a single accident and the proba-
bility of its occurrence. Frequency-Conse-
quence (F-N) curves show risks, and also 
allow comparison of chain-specific maximum 

A large catastrophe with many 

dead is considered worse as a rule 

than many small accidents with an 

equal number of victims. How risk 

is perceived and judged is decisive 

for our readiness to accept it or 

not. Different ways of considering 

risk are necessary.

Risk of Severe Accidents

Probabilistic Safety Assessment – PSA

If a representative amount of accident data is 

not available, the probability of an accident 

must be estimated using PSA. With PSA one 

can quantify uncertainties, which allows a ra-

tional procedure for safety management. PSA 

changes the approach to the security of techni-

cal systems in two fundamental ways:

– The plant is analyzed as a comprehensive 

system consisting of the plant's technology 

and its personnel.

– Quantitative measures for characterizing 

the risk are defined and calculated. 

In the case of nuclear energy the most used 

and useful measures are the frequency of core 

damage, the frequency of a premature and 

large release of radioactivity, the probability of 

a single death (individual risk), and the number 

of total deaths in the society as a whole (col-

lective risk).

Figures 5a and 5b: Frequency-consequence curves for a) OECD and b) non-OECD countries.

How is a F-N diagram read? Take for example a victim count of 10, where it is shown that in the OECD the frequency of an accident with 10 or more fatalities 

is around an order of magnitude lower for coal than for LPG.
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damages and the probability of an accident 
with a specified number of victims.

The fossil chains show a similar ranking 
for OECD and non-OECD countries, with the 
exception of the Chinese coal chain which 
shows a significantly higher accident rate. For 
nuclear energy in addition to immediate 
fatalities, latent fatalities are also significant. 
In the case of Chernobyl, calculations for 
latent fatalities by delayed cancers reach val-
ues of 10 000 for the Ukraine, Russia and 
Belarus, and up to 33 000 for the entire north-
ern hemisphere over the next 70 years. In the 
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same time span however, one can expect 
approximately 650 million cases of natural 
cancers, so it may be very difficult to statisti-
cally distinguish the Chernobyl-related cases. 
No dependable statistics can be determined 
from this single, severe accident. The accident 
data cannot be transferred to Western plants, 
because they use a very different technology. 
For calculations one is therefore forced to 
work with Probabilistic Safety Assessment 
(PSA) (see Figure 5a). 
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