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EXCLUSIVE SUMMARY 
 

In the light of the increasing European concern over security of gas supply the investments in 

infrastructures to increase the resilience and robustness of the gas system in the event of a supply 

disruption are required. A common framework is needed to assess the security of supply risks and 

identify measures to prevent a disruption and to establish plans to manage potential disruptions. The 

actions in this common framework should be carried out on national level with the possibility for a 

regional cooperation but the classical risk assessment theory 
1,2,3

 does not define the concept of 

correlated risk for technical systems.  

Importantly, several approaches to classifying energy-related risks stress the importance of 

the time scale in which to consider these risks, since some are associated with shocks (e.g. sudden 

cuts in supply or hikes in price) and others with stresses (e.g. adequate long-term investment, 

geological depletion rates and so on).
1
 Many studies of energy security make use of indicators. Some 

are relatively simple expressions of data. For example, ‘gas import dependence’ is commonly 

expressed as total gas imports divided by total inland gas consumption. Other calculations are 

somewhat more complex, taking the form of an index.  

A common minimum level of preparedness is defined through the infrastructure standard (N-

1 indicator) which is expressed using a number of separate indicators together describing the ability of 

a country to satisfy total gas demand in the event of disruption of the single largest gas infrastructure. 

If in the event of interruption it is possible to rearrange deliveries without any supply disruption, the 

N-1 criterion is met. Indicator forms the backbone of a gas supply risk assessment. It is useful to 

establish the context/parameters of the system, and it also has to provide an indication of the 

vulnerabilities in the system. Common minimum criterion on security of gas supply should ensures a 

level playing field for security of gas supply while taking into account national or regional 

specificities and should create significant incentives to build the necessary infrastructure and to 

improve the level of preparedness in case of crisis. 

A common minimum criterion on security of gas supply was tested on the example of the 

Baltic State. The joint risk assessment challenges existing security of supply indicator and places an 

emphasis on having a detailed understanding of a region’s specific gas supply set up, the structure of 

its gas consumption, policies in place designed to mitigate the effects of a disruption and, in 

particular, on applying the method of risk scenarios and multi criteria analysis 

The empirical analysis performed with the help of risk scenarios shows that the level of gas 

security of supply in the region cannot be evaluated based only on the infrastructure standard which 

mostly takes into account external factors. Since there is also considerable internal risks e.g. the 

capacity of region’s internal cross-border gas metering stations, risk scenarios or similar methods of 

risk analysis have to be used to evaluate the level of security of gas supply. The complex solution 

should be applied - infrastructure standard and risk scenarios or similar methods of risk analysis.  

The existing N-1 indicators calculation formula has to be modified in order to take into 

account also such internal factors as the capacity of region’s internal cross-border gas metering 

stations. 

Besides the matrix of gas supply disruption risks which provides a clear summary of all 

results of the applied risk analysis and ensures the development of appropriate recommendations to 

mitigate the risks has to be combined with application of Multi Criteria Analysis which provides 

quantified scores for each proposed recommendations (projects) under each specific criterion and 

corresponding indicator. These scores indicate how strong the benefits of each project will be, 

specifically on its respective region of impact. 

 

Keywords - gas supply, security, risk scenarios, infrastructure standard, the Baltic States 
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INTRODUCTION 

Under the uncertainty conditions the so-called risk management has received wide 

recognition. Since in practice it is impossible to fully avoid risk, the main purpose of such 

management is to help a company (or institution) to find answer to the question: is it reasonable, in 

every particular case, to manage under the existing level of risk? 

In the light of the increasing European concern over security of gas supply the investments in 

infrastructures to increase the resilience and robustness of the gas system in the event of a supply 

disruption are required.The main emphasis is put on the increase of the security by creating the 

incentives to invest in necessary interconnections to meet so called infrastructure standard (the N-1 

indicator). The European Union (hereafter – EU) Member States have to be able to ensure security of 

gas supply even in the event of disruption of the largest gas supply infrastructure within any relevant 

territory (an N-1 situation). 

When selecting among the measures related to the category of energy security it should be 

borne in mind that this category differs from the reliability of energy supply. The problems of reliable 

energy supply in most cases are solved within the limits of a branch/an industry in the stage of 

contemplating the energy supply systems for concrete objects and populated areas by planning 

organisations, whereas the energy security issues concern separate regions or industrial zones, and 

should be solved first of all by politicians and complex-directive bodies, with involving afterwards the 

relevant branches/industries and planning organisations. 

Security of gas supply risk assessment and mitigation analysis is made on the example of the 

Baltic States - Estonia, Latvia and Lithuania.  Since cooperation between the Baltic States - the 

interconnected, but isolated from EU gas market countries, can enhance their individual and collective 

security of gas supply the joint risk assessment of security of gas supply of Estonia, Latvia and 

Lithuania was carried out.  

 

II. MARKET OVERVIEW 

 

The share of gas in the Baltic region's overall energy mix was around 25% in 2005, however it has 

increased to 26% since the shutdown of the Ignalina Nuclear Power Plant in Lithuania at the end of 

2010 (see Fig. 1).  

 
       

Figure 1. Structure of primary energy consumption in the Baltic States in2005 and 2010, % 

 

The role of natural gas in these countries is, however, different. While the share of natural gas 

in the total energy mix of Lithuania and Latvia is around 30% (LT -35%, LV – 28% in 2010), in 

Estonia it is 11%. In Latvia 45% of electricity was generated from natural gas in 2010 and Latvenergo 

AS, the biggest electricity company, accounted for 0.6 bcm of consumption. In Estonia gas plays 

important role in heating sector both in direct residential use as well as in boiler houses and combined 

power and heat production. For example Estonia largest city Tallinn district heating sector is currently 

up to 70% dependent on gas. Nevertheless Estonia's power generation is based mainly on oil shale 
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(91% in 2010). Therefore there is a relatively small share of gas in both the energy and electricity mix 

of Estonia.  

It is forecasted that the consumption of natural gas will slightly increase relative to 2012 when 

the natural gas consumption was 5.39 billion m
3
.The estimated natural gas consumption in 2015 

might be up to 5.44 billion m
3
 and in 2020 up to 5.91 billion m

3 
(see

 
Table 1). 

 

 Table 1 

Estimated annual consumption of natural gas in the Baltic States and Finland, bcm/year 

 

Country 2010 2012 2015 2016 2017 2018 2019 2020 

Estonia 0.70 0.67 0.90 0.96 0.99 1.17 1.18 1.19 

Latvia 1.47 1.45 1.54 1.57 1.64 1.67 1.69 1.72 

Lithuania 3.07 3.27 3.00 3.00 3.00 3.00 3.00 3.00 

TOTAL 5,24 5,39 5,44 5,53 5,63 5,84 5,87  5,91 

      

All Baltic States are fully dependent on gas imports from the same main supplier - Russian 

company Gazprom OAO. The markets in all three countries are essentially dominated by a single 

vertically integrated incumbent operator: Eesti Gaas AS, Latvijas Gāze AS and Lietuvos dujos AB (up 

to 50 percent of total gas market) respectively for Estonia, Latvia and Lithuania. Gazprom OAO and 

E.ON Ruhrgas International GmbH are key shareholders in all three companies. 

The three Baltic States are connected to each other via respective interconnectors between 

Lithuania and Latvia and Latvia and Estonia. Nevertheless, the interconnections are insufficient for 

any significant trading purposes and all three countries are in any event supplied directly from Russia 

(via Belarus in the case of Lithuania), but intra-Baltic flows are essential only emanating from the 

Latvian storage (and only in the winter) to primarily Estonia and, to a much lesser degree, Lithuania 

(see Figure 2). Furthermore the only storage – Incukalns underground gas storage (hereafter –UGS), 

with a working capacity of 2.3 bcm in the region is located in Latvia but it is effectively (2/3 of the 

working gas volume) controlled (i.e. booked) by Gazprom OAO on a long-term basis, which is using 

it to supply the St. Petersburg area in the winter. 

 

 

 
 

Figure 2. Natural gas network and gas flows of the Baltic States  
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The existing infrastructure doesn't physically allow natural gas purchases from another source 

than Russia. This results in a significant dependence in physical and commercial terms. The 

dependence may be somewhat different with respect to the country's exposure to natural gas in its 

energy mix, which is currently larger in the case of Lithuania and Latvia than in Estonia. 

 

 II. SECURITY OF GAS SUPPLY LEVEL ASSESSMENT 

 

Measures to safeguard security of gas supply require continuous operation of the natural gas 

infrastructure in the case of disruption of the single largest element of the system. Estimation of the 

level of security of supply for a separate region can be performed using indicator that characterizes 

quantitatively the existing security threat and its degree.  

The infrastructure standard - N-1 indicator, means assessment of the situation in the event of 

disruption of the single largest gas infrastructure delivery connection. If in the event of interruption it 

is possible to rearrange deliveries without any supply disruption, the N-1 criterion is met. 

 

N-1 criterion: 

 

  %1001,100%1 


 N
D

ILNGSPEP
N

max

mmmmm  ,       (1) 

where: 

EPm –  Technical capacity of  entry points (in mcm/d), other than production, liquefied natural gas 

(hereafter – LNG) and storage facilities covered by Pm, Sm and LNGm, means the sum of the 

technical capacity of all border entry points capable of supplying gas to the calculated area;  

Pm – Maximal technical production capability (in mcm/d) means the sum of the maximal technical 

daily production capability of all gas production facilities which can be delivered to the entry points in 

the calculated area; 

Sm – Maximal technical storage deliverability (in mcm/d) means the sum of the maximal technical 

daily withdrawal capacity of all storage facilities which can be delivered to the entry points of the 

calculated area, taking into account their respective physical characteristics; 

LNGm – Maximal technical LNG facility capacity (in mcm/d) means the sum of the maximal 

technical daily send-out capacities at all LNG facilities in the calculated area, taking into account 

critical elements like offloading, ancillary services, temporary storage and re-gasification of LNG as 

well as technical send-out capacity to the system; 

Im – means the technical capacity of the single largest gas infrastructure (in mcm/d) with the highest 

capacity to supply the calculated area.  When several gas infrastructures are connected to a common 

upstream or downstream gas infrastructure and cannot be separately operated, they shall be 

considered as one single gas infrastructure; 

Dmax – means the total daily gas demand (in mcm/d) of the calculated area during a day of 

exceptionally high gas demand occurring with a statistical probability of once in twenty years. 

 

Since infrastructure standard N-1 for the Baltic States is bigger than 100% ie.145.94% (see 

Table 2), in the event of a disruption of transmission pipeline line Minsk–Vilnius, the capacity of the 

remaining infrastructure is able to satisfy total gas demand of the region during a day of exceptionally 

high gas demand statistically occurring once every twenty years.  
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Table 2 

 

 Indexes and the N-1 indicator’s calculation for the Baltic States  

 

Index Value 

EPm  

Interconnections by pipeline  

Entry capacity Estonia: 

 from Russia 4 mcm/d 

Entry capacity Latvia: 

 from Russia 20 mcm/d; 

Entry capacity Lithuania: 

 from Belorussia 31 mcm/d 

55 

Pm 0 

Sm 

Withdrawal capacity of  Incukalns UGS 
30 

LNGm 0 

Im 

Throughput of the main natural gas supply line 

Minsk–Vilnius 

31 

Dmax 

Estonia 6.7mcm/d 

Latvia 12mcm/d 

Lithuania 18 mcm/d 

37 

145.94%100
37

31030055
1N 




 

 
In order to verify and confirm the assessment of the situation in the event of disruption of the 

single largest gas infrastructure based on the infrastructure standard N-1 other methods of risk 

assessment were applied. Although N-1 indicator’s calculation shows that in the event of the largest 

capacity disruption the capacity of the remaining infrastructure of the Baltic States should be able to 

satisfy total gas demand, another method of risk assessment - risk scenarios, demonstrate that there 

will be gas shortage in the region due to internal bottlenecks. The main reason for different results of 

risk assessment is that in the calculation of regional infrastructure standard N-1 only region’s entry 

capacities are taken into account, however the calculation does not take into accounts the capacity of 

intra-Baltic flows. 

Method of risk scenarios is based on the assumption that in order to evaluate the reliability of 

the gas supply in the first approximation, the following widely applied criteria can be used: 

 the probability of an emergency situation ; 

 the probability of a working condition. 

Three types of scenarios can be applied: 

 risk causality scenarios; 

 risk impact scenarios; 

 response scenarios. 

Each of the risk scenarios drawn up has its own function in the description and evaluation of 

the risk of gas supply disruption. Risk causality scenarios serve to describe the possible ways of errors 

that lead to a gas supply disruption. These scenarios also feature safety barriers designed to interrupt 

the development of errors by preventing them to cause the unwelcome basic event. In this study, it is a 

gas supply disruption. Based on the risk causality scenario drawn up, it is possible to calculate the 

overall probability of the unwelcome event as well as to describe the impact of each identified error 

on the overall probability of the event.  
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The task of a risk impact scenario is to describe the variety, scope, gravity and area of 

influence of potential consequences of the unwelcome event if it occurs. The risk assessment features 

a description of the reasons of gas disruption and the impact of their consequences in each of the 

Baltic States, breaking down into three levels: 

 on a local scale; 

 on a national scale;  

 on a regional scale. 

Response scenarios, for their part, reveal the capability of the system to react properly in the 

cases of a variety of unwelcome events.  

With the number of accidents occurred in the Baltic States, the number of gas regulation 

station (thereafter – GRS) branch-offs and the length of their operation in mind, the probability of 

disruption of gas supply to any GRS caused by external exposure is determined: P = 8.3 x 10
-4

. This 

means that accidents on gas pipeline branch-offs to GRS in any of the Baltic States can be expected 

once in 8 years on average. Applying the overall probability of an accident to the number of GRS 

branch-offs in each country, it was determined out that in Latvia P = 3.6 x 10
-2

, in Lithuania P = 5.4 x 

10
-2

, and in Estonia P = 2.3 x 10
-2

. 

The other option of calculating the probability of branch-off accidents is based on the 

proportion of the number of accidents registered on branch-offs and the total length of branch-offs and 

their length of operation. The following formula (2) is used for the calculation of the probability of 

accident: 

1






i

el

m

n
P

ii

                

where: 

n – number of gas pipeline branch accidents occurred, 

l – length of gas pipelines branch (km),  

e – period of operation of gas pipelines branch (years) , 

i – gas pipelines branch, 

m – number of gas pipelines branch. 

Considering that there have been no gas branch-off accidents in Estonia, at first the total 

probability in the Baltic States is calculated. The probability of a gas branch pipeline in the Baltic 

States per one branch-off kilometre per year is P = 1.4 x 10
- 4

. Recalculating the probability of 

accident as per each country’s total length of branch-offs, it is found out that the probability of a gas 

branch-off accident is P = 1.9 x 10
- 2

 in Latvia, P = 9.2 x 10
- 2

 in Lithuania and P = 1.0 x 10
- 2

 in 

Estonia.   

Both methods of calculation yield probabilities of gas pipeline branch-off accidents in the 

Baltic States with a similar power. This allows to analyse each branch-off to GRS as a unique 

technological object, subject to external impact, as well as to calculate the probability of an accident 

on a branch-off based on its length in kilometres.  

With the number of accidents, the length of gas transmission pipelines in kilometres and the 

period of their operation in mind, it is possible to calculate the probability of gas transmission pipeline 

accidents in each country separately and in the whole Baltic gas supply system.  

The following formula (3) is used for the calculation of the probability of accident: 

1

)(








i

el

m

n
P

ii

 

where: 

n – number of gas transmission pipeline accidents occurred, 

l – length of gas transmission pipelines (km),  

,                       (2) 

,                       (3) 
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e – period of operation of gas transmission pipelines (years) , 

i – sections of gas transmission pipelines 

m – number of sections of gas transmission pipelines 

Based on the data of Latvia, the probability of an accident for a gas transmission pipeline of 

one kilometre in length equals P = 5.7 x 10
- 5

. In Lithuania, the probability of an accident is P = 2.9 x 

10
- 5

, and in Estonia – P = 6.9 x 10
- 5

, while for the Baltic States overall it is P = 4.5 x 10
- 5

. This means 

that in the territory of Latvia an accident of gas transmission pipelines is likely to happen once in 15 

years on average, in Lithuania once in 17 years on average, in Estonia once in 18 years on average, 

and once in 6 years on average in any Baltic state.  

The calculated probabilities of gas transmission pipeline accidents are not high, which 

indicates that the gas supply system in the Baltic States is safe. For the sake of comparison, accident 

probabilities used in risk assessments in the Netherlands and the USA has been provided in Table 3. 

Table 3 

Probabilities of gas transmission pipelines in various countries 

 

Gas pipeline 

accidents 

Probability of accident per one kilometre over a year 

Estonia Latvia Lithuania Baltic states Netherlands USA 

Gas 

transmission 

pipelines  

 

6,9 x 10
- 5

 

 

5,7 x 10
- 5

 

 

2,9 x 10
- 5

 

 

4,5 x 10
- 5

 

 

7,1 x 10
- 5

 

 

3,1 x 10
- 4

 

 

The possible cause of a gas supply disruption in the Baltic gas transmission pipelines could be 

an accident at the Incukalns UGS. However, probability of such accident is very low because most 

important technical systems of the storage can be replaced by parallel systems. Based on the 

information included in the Safety report of the Incukalns UGS the probability of a well failure is 

P(well) 8.0 x 10
-3

. The technological equipment of the Incukalns UGS is connected via pipelines of 42 

km in total length. Assuming the average of the probabilities of a full collapse of pipelines used in the 

Safety report, it follows that the probability of a pipeline failure is P(pipeline) = 3.8 x 10
-2

. Consequently, 

an incident on a section of technological pipelines at the Incukalns UGS is possible once in 26 years 

on average. Due to the modern technological equipment and safety automation, the probability of an 

incident at the gas collection points is not high. In the Safety report, this probability is rated as 10
-3

 to 

10
-5

. This means that an incident of gas collection point technological equipment could occur not 

more than once per 100 years on average. Much more problematic is the capability of the Incukalns 

UGS to feed the required gas volume if there is a gas shortage in the Baltic region. Over the last 10 

years, such a necessity has already emerged twice – in 2004 and 2012. In both cases, the Incukalns 

UGS was technically unable to supply the required gas volume. Consequently, this risk cannot be 

eliminated without building a fourth gas collection point. 

The other two reasons of possible absence of gas in the gas transmission pipelines of the 

Baltic gas supply system are related to gas pipeline accidents in the territory of Russia or Belarus. 

Over the last twenty years, 3 accidents have been registered on the gas transmission pipeline Valdai-

Pskov-Riga. Two accidents occurred in 2000, whereas the third, a minor leakage, took place in 2005. 

In all these cases, the consumers in Russia were supplied gas from Incukalns UGS.  

No accidents have been registered on the Belorussian gas transmission pipeline from Minsk to 

Kotlovka over the last 20 years. Assuming that the frequency of accidents in the territory of Belarus is 

equal to the Baltic States’ overall and having regard of the lengths of pipelines from Kotlovka to 

Minsk, the probability of gas not being delivered from Belarus through Kotlovka is P = 7.8 x 10
-3

. 

Gas supply to Lithuania, Latvia and Estonia is ensured via several pipelines and Incukalns 

UGS, and winter and summer gas flows in these countries differ. Therefore, response scenario of 

disruption of natural gas supply from the Incukalns UGS and from Kotlovka gas metering station 

(thereafter – GMS) in the coldest winter month of the year with a duration of 3 and 15 days was 

selected for a detailed assessment.  
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During the winter season, natural gas supply to Latvia, Estonia and the western part of the 

Pskov Region of the Russian Federation is ensured from the Incukalns UGS. The daily natural gas 

withdrawal capacity from Incukalns UGS is 24 million m
3
, half of which is allocated to consumers in 

Latvia, while Russia and Estonia each get 6 million m
3
 daily. In case gas supply from the Incukalns 

UGS is lost, alternative gas supplies are available directly from Russia up to 6 million m
3
 per day, 

including 4 million m
3
 for Estonia and 2 million m

3
 for Latvia, as well as 5 million m

3
 per day in 

transit through Lithuania for the needs of consumers in Latvia. In this case, it would become 

necessary to increase the volume supplied to Lithuania from Belarus by 5 million m
3
 per day and fully 

reverse the gas flow in the pipeline Valdai-Pskov-Riga and arrange flow from Russia to Estonia, from 

Russia to Latvia and flow from Lithuania to Latvia (see Figure 3). 

 

 
Figure 3.Natural gas flow disruption from Incukalns UGS 

  

However, such a scenario would entail a gas shortage in the region – 5 million m
3
 per day in 

Latvia and 2 million m
3
 per day in Estonia (see Figure 3, Table 4).  

Table 4 

Consumption in case of Natural gas flow disruption from Incukalns UGS 

 

Country 

Average consumption, 

mcm 

Shortage in case of 

disruption, 

mcm 

Consumption in case of 

disruption, 

mcm 

1day 3day 15days 1day 3day 15days* 1day 3day 15days* 

Lithuania 18 54 216 0 0 0 18 54 216 

Latvia 12 36 144 -5 -15 -39 7 21 105 

Estonia  

(with Nitrofert) 
6 18 72 -2 -6 -12 4 12 60 

Kaliningrad** 7 21 84 0 0 0 7 21 84 

Total for the 

region 
43 129 516 -7 -21 -51 36 108 465 

*0.8 ratio is applied for 15 days calculation 

**Region with increasing demand due development 
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In case of gas supply disruption through Kotlovka GMS, alternative gas supplies to the Baltic 

region are available from the Incukalns UGS along the pipeline Riga-Panevežys through Kiemenai 

GMS, – up to 5 million m
3
 per day, including. 3.5 million m

3
 for Lithuania and 1.5 million m

3
 for 

Kaliningrad.  

In this scenario, it would become necessary to discontinue gas supply from the Incukalns 

UGS to Estonia and the Pskov Region in Russia as well as to reverse the flow in the gas pipeline 

Valdai-Pskov-Riga, thus ensuring gas supplies of 6 million m
3
 per day to Estonia and an additional 

volume of 4 million m
3
 per day for Latvia (see Figure 4). 

 

 
Figure 4.Natural gas flow disruption from Russia (via Belarus) through Kotlovka GMS 

 

However, the capacity limitation of the existing cross-border connections would cause a gas 

shortage in the region – 14.5 million m
3
 per day in Lithuania and 5.5 million m

3
 per day in 

Kaliningrad (see Figure 4 and Table 5).  

Table 5 

Consumption in case of Natural gas flow disruption from Incukalns UGS 

 

Country 

Average consumption, 

mcm 

Shortage in case of 

disruption, 

mcm 

Consumption in case of 

disruption, 

mcm 

1day 3day 15days 1day 3day 15days* 1day 3day 15days* 

Lithuania 18 54 216 -14.5 -43.5 -164 3.5 10.5 52.5 

Latvia 12 36 144 0 0 0 12 36 144 

Estonia (with 

Nitrofert) 
6 18 72 0 0 0 6 18 72 

Kaliningrad** 7 21 84 -5.5 -16.5 -61.5 1.5 4.5 22.5 

Total for the 

region 
43 129 516 -20 -60 -225 23 69 291 

*0.8 ratio is applied for 15 days calculation 

**Region with increasing demand due development 
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This means that, corresponding to the emergency situation, it is necessary to set natural gas 

usage restrictions to certain natural gas users. In order to improve the situation, it is necessary to 

implement the measures listed above. 

It may take from 18 to 24 hours from the occurrence of the emergency situation, including the 

exploration of its scale and the exchange of information among the adjacent countries’ dispatcher 

centres, to rearrange the regional natural gas supply flows. 

The matrix of Baltic gas supply disruption risk provides a clear summary of all results of the 

Baltic States’ gas supply risk assessment (see Table 6). The scale of probabilities of the matrix has 

been selected based on the event probabilities obtained in the risk assessment. The scale of 

consequences, for its part, has been divided into four segments of assessment of severity: 

 Losses to gas supplier  

 Losses for gas consumers 

 Harm to the environment 

 Danger to human health and life 

The direct material losses incurred are calculated depending on the reason and type of gas 

disruption. In the case of an accident, losses can be calculated in three levels. The minimum amount 

of losses consists of the value of gas volume lost and the value of the technological unit damaged due 

to the accident. 

  Zmin = Igas + Iunit 

The actual amount of losses reflects the aggregate costs the gas supply company should 

reckon with in order to resume gas supply to consumers at its previous level. The costs of renovation 

of gas supply infrastructure should be added to the minimum amount of losses. 

Zreal = Igas + Iunit + Irenov  

The maximum losses, apart from the above, also include the company’s unearned profit.  

Irenov + Punearned  

In the case of a gas supply disruption, the Baltic States’ gas supply companies practically do 

not suffer direct losses as, depending on the direction of the supply disruption, changes are made in 

the operation of the Baltic States’ gas supply systems. While gas supply issues are being solved, the 

continuity of gas supply in the Baltic States will be ensured by the gas reserves accumulated at the 

Incukalns UGS. 

The calculation of losses in the event of gas disruption should be linked to gas consumer 

groups. Households using gas for cooking only are practically unaffected by a brief gas disruption. 

Major heat supply companies should have a backup fuel, which would enable them to keep operating 

during gas supply disruptions. The highest losses would be those of medium production and heat 

supply companies without a backup fuel. The amount of losses for this group will be determined by 

the costs of unrecoverable materials incurred by interrupted operation.  

Gas supply accidents may harm the nature and threaten human lives. There will be more harm 

to the nature if the accident occurs in ecologically sensitive environment or in a restricted area. Harm 

to the nature in all Baltic States is determined by state authorities based on the effective normative 

acts of the country concerned. Threat to the human health and life in gas supply accidents is rated as 

low if the accident has no permanent impact on the human health, medium if there is one or several 

victims and significant of very significant if there is a possibility of lethal outcomes. 
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Table 6 

Matrix of Baltic gas supply disruption risk 
 

Probability 

Negligible 

risk 

Substantial 

risk 

Medium 

risk 

High 

risk 

Very high 

risk 

 

 

Very high 

 

 

 

once a year and more often 

Repairs of gas supply 

infrastructure, repairs 

with temporary gas 

disconnection 

    

 

 

High 

 

 

 

once in 1 – 15 years 

 Accident on a gas pipeline 

branch-off to any GRS in 

the Baltic States  

Gas transmission pipeline 

accident in the territory of 

Estonia 

Technical accident on 

gas transmission 

pipeline Izborsk-Pskov 

 

Gas transmission 

pipeline accident in the 

territory of Lithuania 

Suspended gas supply 

from Belarus to 

Lithuania  
Gas transmission 

pipeline accident in the 

territory of Latvia 

 

 

Medium 

 

once in 16 – 50 years 

 Accident at any GRS in 

the Baltic States 

 Incukalns UGS fails to 

supply the required gas 

volume 

Gas supply from Russia 

to the Baltic States is 

suspended 

 

Low 

 

once in 51 – 100 years 

 Accident at any 

technological gas 

equipment of Incukalns 

UGS 

 Technical accident on 

gas transmission pipeline 

Kotlovka-Minsk 

Accident on gas 

transmission pipeline 

section Riga-Iecava  

 

 

Very low 

 

 

 

once in more than 100 years 

   Large-scale accidents 

at Incukalns UGS 

Simultaneous technical 

accidents on gas 

transmission pipeline 

Izborsk–Pskov and 

Kotlovka-Minsk 

Losses to gas supplier 10 000 to 100 000 100 000 to 1 million 1 to 10 million 10 to 100 million More than 100 million 

Losses to gas consumers Less than 1000 1 000 to 10 000 10 000 to 100 000 100 000 to 1 million 1 to 10 million 

Harm to the environment Negligible environment 

pollution 

Environment pollution 

without permanent impact  

Permanent impact in 

one environment  

Permanent impact in 

multiple environments 

Irreversible changes in the 

environment 

Danger to human health and life  No victims Several victims Up to 10 victims 1 death Several deaths 

 Negligible Substantial Medium Severe Very severe 

Consequences 
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The scale of consequences in the risk matrix has been selected based on the impact of the 

possible gas disruptions in the particular segment of consequences. The degree of risk is classified 

according to the probability of the event and the severity of its consequences.  

The risk scenarios and the matrix of gas supply disruption risk revealed that the main 

bottlenecks in the Baltic gas supply system are the capacity of GMS on the borders as well as the 

volume of gas in Incukalns UGS in the spring which could entail a gas shortage in the region during 

the different gas supply disruption cases. They serve as a basis for the development of 

recommendations for enhancing the safety of the Baltic regional gas supply system.  

Considerable investment in energy infrastructure, such as transmission pipelines and 

electricity networks, storage and LNG projects is still needed to complete the internal gas and 

electricity markets and to address the security of supply.
8
 

While, in principle, all Baltic States could conceivably go their own way to end isolation via 

building an LNG link, pipeline connections, in more general terms however, it would seem more 

beneficial to cooperate on the respective projects with the aim of reaching the common goal. The 

following measures have been considered important for the Baltic States:  

1. Improvement of operation safety, increase of injection and withdrawal capacities of Incukalns 

UGS; 

2. Increase of Kiemenai gas metering station capacity to 12 mcm per day and construction of 

necessary connection. Construction of a new gas pipeline “Riga- Vilnius” ; 

3. Construction of reverse connection for Karksi gas metering station and increase of capacity to 

10 mcm per day; 

4. Construction of connection transmission pipelines “Iecava – Liepaja”, “Panevezys – 

Klaipeda”, “Riga – Daugavpils” and “Vilnius – Visaginas”. 

5. Hydraulic calculation software for management and supervision for gas transmission network 

system; 

6. Construction of regional LNG terminal. 

In order to score the projects, it would be useful to apply Multi Criteria Analysis (hereafter –

MCA) method. This approach allows to assess the trade-offs of the projects and to result in 

quantitative ratings under criteria of different relevant importance. The MCA method used is a linear 

additive multi-criteria approach (also known as Weighted Sum Method), which for each project 

includes multiplying the normalized value score for each indicator by the weight of that indicator, and 

then adding all those weighted scores together to one overall value.  

The key features of MCA, regardless of which multi-criteria calculation method is applied to 

derive to results, are the following: 

 Alternative options: The options that the decision makers are called to compare. 

 Decision tree: Hierarchical representation of the criteria to be used which facilitates the 

evaluation of the alternative options. The criteria may be further divided into sub-criteria (for 

the purposes of this exercise the sub-criteria correspond to indicators), resulting into a 

decision tree of multiple levels. The evaluation of the options is always performed at the 

lowest available level for each “branch” (i.e. criterion -> level 1 sub-criterion -> level 2 sub-

criterion, etc) of the tree. It should be noted that proper application of the MCA requires that 

all criteria be “mutually preference independent” i.e. scores assigned to all options on one 

criterion are unaffected by the preference scores on the other criteria. 

 Weights: Numerical values are assigned to define for each criterion (and sub-criterion) the 

relative valuation of the significance / preference of each. Local weights are the relevant 

weights of the group of criteria or of a group of-sub-criteria deriving from a criterion. The 

local weights express the different preference among the criteria or sub-criteria belonging in 

the same group. Global weights are calculated as the product local weights of the criteria and 

sub-criteria along each “branch” of the decision tree. The global weights, which express the 

overall significance of the lowest level criteria / sub-criteria, are used for the calculation of 

the overall rating of the projects. 

 Scoring of options: The expected performance or consequence of each option on each lowest 

level criterion/sub-criterion is assigned a numerical score on a scale (which may be qualitative 
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or quantitative), indicating the level of impact that the specific option has on the criterion / 

sub-criterion. 

The MCA would provide quantitative scores for the proposed gas infrastructure projects on 

the specific criteria and indicators. These scores indicate how strong the benefits of each project will 

be, specifically on its respective region of impact. Besides some additional characteristics of the 

projects (such as the project urgency, interdependency, region of impact, sustainability and cost) 

should also be taken into consideration. 

 

III. CONCLUSIONS 

 

The empirical analysis performed with the help of risk scenarios shows that the level of gas 

supply security in the region cannot be evaluated based only on the infrastructure standard - N-1 

indicator, which mostly takes into account external factors. Since there is also considerable internal 

risks e.g. the capacity of region’s internal cross-border gas metering stations, risk scenarios or similar 

methods of risk analysis have to be used to evaluate the level of security of gas supply. The complex 

solution should be applied - infrastructure standard and risk scenarios or similar methods of risk 

analysis.  

The existing N-1 indicators calculation formula has to be modified in order to take into 

account also such internal factors as the capacity of region’s internal cross-border gas metering 

stations. 

The matrix of gas supply disruption risks provides a clear summary of all results of the 

applied risk analysis and ensures the development of appropriate recommendations to mitigate the 

risks.  

In order to provide quantified scores for each proposed recommendations (projects) under 

each specific criterion and corresponding indicator Multi Criteria Analysis should be applied. 
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