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EXECUTIVE SUMMARY 
The January 2009 gas crisis provided an important lesson to Europe. While gas supply 

sources were sufficient to serve overall demand, the infrastructure failed to transport gas from 

where it was available to where it was needed. It was not only infrastructure bottlenecks that 

prevented the efficient distribution of the gas, but misaligned incentives led to the suboptimal 

use of existing gas infrastructure.  

Since 2009 a substantial transformation of the European natural gas markets took place. 

Demand and supply patterns have changed as a result of both policy restructuring and 

newfound commercial investments, allowing players with new business models to enter the 

markets. In this paper we evaluate the impact of the evolving market structure on the security 

of natural gas supply with a special focus on resilience to a supply disruption of piped gas 

from Russia. Beyond a static evaluation, we try to identify areas where further policy 

intervention is warranted. 

We begin with an assessment of the total potential adjustment capability of the European gas 

markets today. Estimates are presented for both supply and demand side flexibilities. The 

bottom line is that compared to a 355 mcm/day (~3359 GWh/day – 2013 fact data) potentially 

lost supply from Russia, the EU gas system exhibits 4-6 times more short term adjustment 

potential taking into account all of the available supply and demand side flexibilities. 

Increased withdrawal capacity from the underground storage facilities provides the most 

significant source of adjustment, followed by power sector fuel switching and LNG.  

While there are ample “theoretical” adjustment possibilities, technical, regulatory and 

incentive barriers might constrain their utilization in case of a supply disruption. That is why 

we investigate the likely level of adjustment in a model framework that takes into account 

market fundamentals and capacity constraints as well. We present detailed analysis of the 

impact of key infrastructure developments (reverse flows and strategic storage capacity) on 

the resilience of the European natural gas system and quantify the possibilities of demand side 

adjustment in electricity generation. The contribution of these factors to the resilience of the 

system is measured by their impact on prices: the efficiency of an intervention or an 

investment can be measured by its ability to mitigate price increases caused by a supply 

disruption. In the paper we present several simulation results from the European Gas Market 

Model (EGMM) and European Electricity Market Model (EEMM) developed by the Regional 

Centre for Energy Policy Research (REKK). Please note that the model simulations allow for 

qualitative assessment of the scenarios and help to rank the available policy options. On the 

other hand, models rely on simplified assumptions that limit their ability to provide precise 

quantitative forecasts for price developments and product flows.  

Chapter 2 investigates the contribution of market interconnectivity to the resilience of the 

European gas system. Since 2009, Europe has made impressive progress in establishing a 

single gas market. In Central and Eastern Europe new LNG facilities have been built in 

Poland and Lithuania and a new interconnector is coming on-line between Slovakia and 

Hungary. Implementing reverse flows on existing infrastructure was the most economical way 

to strengthen market connections and create alternative shipping possibilities in the event of 

conventional supply disruption. According to our model simulations this newly established 

infrastructure (assumed to be operational in January 2015) would significantly reduce the 

average price increase (from 28% to 15%) in the EU-12 in case of a short term supply 

disruption of the pipelines crossing Ukraine. The impact is even larger in the most exposed 

countries, e.g. Slovakia.  
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Although reverse flow is cost efficient compared to other security of supply investment 

options, established reverse flow capacities fall behind the technical possibilities of the 

interconnectors (assuming sufficient compressing capacity is installed). If there is a 

significant price differential between two countries, both the incumbents of the more 

expensive markets and the government of the cheaper market might favour sustaining market 

protection. What is the cost of such protectionist behaviour? According to the model 

simulations further expansion of reverse flow capacities to a technical maximum would 

deliver only moderate additional benefits if supply disruption lasts for one month. This 

implies that those investments offering the most obvious advantages and which are the most 

commercially viable have been implemented already. Infrastructure bottlenecks become more 

detrimental if the supply disruption is more prolonged and storages become depleted as well. 

According to our simulations the capacity expansion of the German-Austria reverse flow 

would bring the most significant welfare benefits. Expanding reverse flow capacities along 

the pipelines from Croatia and Romania to Hungary, and from Austria to Slovakia could also 

play significant role in mitigating long-term security of supply problems. 

Although additional reverse flows would significantly moderate the price effect of a long-

term security of supply crisis in the CEE and Balkan region, due to congested pipelines 

Hungary, Ukraine and Balkan countries would suffer from more than a 100% price increase. 

This suggests that increased pipeline capacities would also be necessary from Germany 

towards South East Europe.  

As there are vested interests in market protection, regulation regarding the obligation to 

establish reverse flow capabilities should be strengthened. The European Commission should 

review reverse flow exceptions with a full consideration of the potential security benefits. 

Efficient use of the interconnecting capacities should also be ensured by preventing non-

market based allocation that might create contractual congestion. North/West-South/East 

pipelines should get priority among the projects of common interest. An implementation 

mechanism to facilitate EU level mediation in setting the rules of cost allocation among 

beneficiary countries is being developed by ENTSO-G and ENTSO-E.  

West-East gas flows already play a crucial role in security of gas supply in Ukraine. 

Unfortunately, certain long term contract conditions (metering point, delivery point) and long-

term capacity booking by Gazprom prevent the full utilization of reverse flow on the 

Brotherhood pipelines. The Ukraine gas market can be accessed via three smaller capacity 

interconnectors. Theoretically, full utilization of existing Europe-Ukraine reverse flow 

capacities could cover approximately 35% of annual demand or 60% of present import needs. 

However, the actual flows are much lower, despite the fact that there is a high probability that 

available sources will not cover 2014/15 winter demand. Besides contractual and political 

obstacles regarding re-export of the Russian gas, price sensitivity and counterparty risk also 

play a role in the low volume of gas sales for Ukraine. Incentives for trading with Naftogas 

would improve if counterparty risk were mitigated by a prepayment scheme overseen by the 

donor institutions supporting the country.  

Chapter III is devoted to the analysis of resilience provided by underground gas storages 

during supply disruptions. In Europe most of the gas storage capacity has been designed for 

winter – summer seasonal balancing and not as a strategic storage facility. Still, comparing 

storage withdrawal capacities to Russian import exposure reveals that, although there are 

country differences, the aggregate storage capacity seems to be sufficient to mitigate the 

impact of Russian supply disruption.  
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Nevertheless, there are concerns over the full risk mitigating potential of the storage capacity 

that would be available in a crisis situation. Due to unbundling requirements and third party 

access rules, storage facilities no longer have the guaranteed volumes booked by large 

incumbent utilities, and instead have to compete to satisfy flexibility that traders seek to 

achieve. At the same time, market based adjustment mechanisms that use price incentives to 

balance supply/demand mismatches are becoming more prevalent among gas traders. The 

new business model might result in underutilization of the existing storage facilities.  

Turning to policy options to remedy the underutilization of storage capacities, it should be 

emphasized that pricing policies have a significant impact on the competitiveness of the 

storage units. Taking into account the high fixed cost of storage facilities, tariff schemes that 

incentivize a higher level of storage capacity are justified. Price competitiveness can be 

enhanced further by introducing bundled products that combine transport and storage. 

Regulated transmission tariffs could be redesigned to improve the business viability of gas 

storage.  

If market participants systematically under-contract storage services compared to the level 

that would be optimal from a security of supply point of view, intervention might be 

warranted. Some governments are willing to assume the full cost of higher reserves and pile 

strategic stocks that can be used only in case of supply disruption. But it is expensive to 

maintain an infrastructure that is rarely used and the temptation to use the reserves for 

commercial purposes might create serious market distortions.  

Similarly to the obligatory stockpiling of oil derivatives, costs of additional stockpiling can be 

assigned to market participants. As storage options are not available in every country, 

guarantees for the availability of storage and cross border transmission capacities in a crisis 

situation might need to be articulated. If a storage obligation is imposed regulatory scrutiny 

concerning the effects of market distortion is needed, otherwise it will hinder the development 

of a commercially competitive storage market. 

A more market based and cost efficient approach to boost storage injection can be offered by 

“internalizing” the insurance value of storage for the market participants. High penalties can 

be applied to the supplier in case of non-compliance.  

The other concern regarding the efficient use of the existing storage capacities is related to 

availability in crisis time. Access to pre-booked withdrawal capacity can also be problematic 

especially for foreign clients, as home biased governments can override the commercial 

business rules. We recommend TSOs take over control of the gas system (transmission and 

storage) in the case of an extreme event or severe supply shortfalls. To allow for the 

emergence of a regional storage market better coordination between the adjacent regulators is 

necessary. The framework should set inter alia the rules for TSO liabilities vis-a-vis the owner 

of the gas. 

The last chapter is devoted to demand side adjustment to gas supply disruption, focusing on 

fuel switching in power generation. Both gas-to-coal and gas-to-oil fuel switch flexibility is 

investigated. 

Coal is an easily transportable and storable fuel for power generation with diversified global 

supply. In case of a gas supply disruption gas-to-coal switching has large adjustment potential 

in Europe as the actual capacity utilization of coal fired power plants is just 50%. However, 

simulations with REKK’s EEMM model highlights that exploiting the flexibility provided by 
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the power generation capacity is constrained by infrastructure bottlenecks. Interconnector 

capacity gets fully congested between the excess supply and excess demand areas (Germany-

Italy) and large price differentials might prevail. 

Due to strict emission regulation coal fired power generation is expected to decline in Europe. 

In line with the Large Combustion Plant Directive (LCPD) sizeable capacities are to be 

decommissioned by 2016. According to our model simulations these capacities have a rather 

limited price impact in normal times, while in case of gas supply disruption they play a 

significant role in mitigating the price increase. Policy measures can facilitate maintaining 

their role in crisis management. Keeping them in cold reserve instead of demolition would 

allow them to restart in case of a more prolonged gas supply disruption.  

Gas-to-oil switching has a huge adjustment potential, as 40% of the gas fuelled power 

generators are equipped with dual fire capability. Using all of the switching capacities no 

demand curtailment is needed in the electricity sector in the event of a total gas supply 

disruption, however, due to higher fuel costs, base load prices would increase significantly. 

Gas-to-oil switching would imply the highest electricity price increase for Italy and the UK.  

The potential for gas-to oil switching is expected to diminish on the longer run due to phasing 

out plants with dual fuel capability. For those power plants commissioned before the 1970s 

the average dual-fire capability in Europe is almost 90%, while for those commissioned in the 

2000s it is below 30%. Switching technology is available for new types of equipment as well, 

but market participants do not invest in the insurance option. Consequently, the total gas fleet 

exhibits less and less fuel switching flexibility with negative consequences on gas supply 

security. To change this tendency fuel switching capability can be mandated as a licensing 

condition for CCGTs. However, in Europe the low capacity utilization of the existing CCGTs 

withholds new investments. Retrofitting plants might be a more efficient intervention to 

maintain adequate level of switching flexibility, where oil supply infrastructure allows it.  
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1 STOCKTAKING THE EXISTING POTENTIAL SHORT TERM 

RESILIENCE OF THE EUROPEAN GAS SYSTEM TO SUPPLY 

SHOCKS 

This paper is about to take first an account of those supply and demand side components of 

the natural gas value chain that can increase the flexibility of a natural gas system to respond 

to both demand and supply side shocks. After a brief stock-taking in this chapter, we will 

analyse three specific flexibility options with outstanding importance for European gas supply 

security with a focus on the most vulnerable Central and South East European (CSEE) region. 

These areas are: reverse flow capabilities of gas transmission infrastructures, gas storage 

utilization and fuel switching possibilities in the electricity and district heating sectors.  

A natural gas supply security incident is manifested in a disruption in the continuity of gas 

supply for end customers. This might due to an intended halting of gas shipments by the 

supply source owner (see the case of the 2009 European gas crisis or the 2011 embargo by 

Egypt and Qatar to supply Israel), to a disruption of the gas transportation or storage 

infrastructure due either to a natural disaster (e.g. hurricane Katrina in the US) or terrorist 

attacks (see recent disruptions of Egyptian gas shipments to Jordan through the Arab Gas 

Pipeline), to demand shocks usually caused by extreme cold weather conditions, or a 

combination of the above events. 

The natural gas value chain poses technical alternatives to allow for a flexible reaction to 

supply or demand side shocks so that the majority of customers remain served and the system 

remains operational. The more interconnected and meshed is the gas system facing the shock 

and the more diversified are the gas supply sources feeding it, the more resilient the system 

will potentially be to shocks (that is to return to normal operations faster).  

A premier task for gas supply security policy is to understand the nature and magnitude of 

flexibility options of an existing natural gas system as well as to understand the nature of 

those barriers preventing these options from being fully utilized under shocks. The follow-up 

policy question is how to remove technical, regulatory, contractual and commercial barriers to 

better utilize, as well as what incentives are most efficient to apply to encourage the 

utilization of existing flexibility options? Finally, the long term policy question is about the 

costs and benefits of alternatives to further enhance the flexibility and resilience of the natural 

gas system through investments. The structure of the specific chapters on fuel switching, gas 

storage and reverse flow will follow this sequence of policy questions and will each address 

stock-taking, short term measures and long term options.  

This Introduction sets the scene by a brief assessment of the existing flexibilities of the 

European gas system in responding to a full loss of Russian gas import shipments in the short 

term and addresses some of the limitations of the system to utilize certain options. 

1.1 A FRAMEWORK TO ANALYSE THE EXISTING FLEXIBILITY OF THE EUROPEAN GAS 

SYSTEM TO RESPOND TO A SHORT TERM FULL LOSS OF RUSSIAN GAS IMPORTS  

The share of imports in EU natural gas consumption has been increasing steadily to over 60%, 

and some 80% of the imports are concentrated in the hand of four suppliers: Algeria, Norway, 

Russia and Qatar.  
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The share of Russian import was 25% of total EU natural gas supply in 2013. In volume terms 

it is 1226 TWh (about 126 bcm),
1
 that translates to a daily average of 355 mcm (~3359 

GWh/day) Russian gas shipment to the EU.  

Assuming a sudden loss of the Russian deliveries, the EU has at least the following 

possibilities to adapt to the crisis in the short run: 

Supply side measures 

1. Increase domestic natural gas production 

2. Use more LNG  

3. Increase the withdrawal from gas storages 

4. Increase import shipments from other pipeline suppliers 

Demand side measures 

5. In the power sector and district heating gas fired units, that are capable should 

switch to alternative fuel source (typically oil) or other, non- gas fired units can 

come online 

6. The rest of the heating sector - dominantly individual households and services 

- can save some gas by heating the homes less, and/or those that are capable by 

switching to other fuels (electricity, biomass, coal, oil) 

In the following illustrative example we estimate how much these measures could contribute 

to a short term substitution of missing gas supplies.  

We present two measures for flexibility: an average flexibility and a more conservative 

estimate for days when all alternative infrastructures were utilised up to their 2013 historical 

maximum. 

1.1.1 Flexibility of production 

Some of the EU countries possess conventional geological natural gas reserves, which may be 

extracted economically. Although these sources of indigenous production are generally on the 

depletion, there may be some flexibility left on the production side. To quantify the level of 

flexibility, we compare the maximum indigenous daily production to the average daily 

production in 2012, based on Eurogas data.
2
 Total European production flexibility sums up to 

2000 GWh/day (~213 mcm/day), out of which 1530 GWh is supplied by the Groningen field 

in the Netherlands. Note however, that in the coming years Groningen production will be 

limited by the Dutch government as a response to increased seismic risks. Without the 

Groningen field daily flexibility of production is merely 480 GWh/day (~51 mcm/day) in the 

EU. 

1.1.2 LNG flexibility 

LNG liquefaction terminals were largely under-utilised in 2013: average daily utilisation 

made up slightly more than 20% of existing terminal capacities. In theory, if all terminals 

were run at 100% of their technical capacity instead of their average utilisation, additional 

4016 GWh/day (~425 mcm/day) could be delivered from liquefaction plants. When we 

compare maximum historical utilisation to technical capacity, this figure drops to 2245 

GWh/day (~238 mcm/day). The greatest flexibility can be found at British, Spanish and 

French terminals.  

                                                 
1
 BP, and Eurogas 2013 data 

2
 Eurogas Statistical Report 2013; http://www.eurogas.org/uploads/media/Eurogas_Statistical_Report_2013.pdf 
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1.1.3 UGS facilities 

Existing underground gas storages are equipped with vast withdrawal capacities that have 

been largely under-utilised in the past year. Average utilisation in the coldest month of 2013 

made up only 29% of available withdrawal capacities. Even on the coldest day, withdrawal 

capacities were used only up to 55%. This allows for more than 6200 GWh (~650 mcm/day) 

of daily flexibility due to storages even in the harshest conditions.  

1.1.4 Non-EU pipeline gas suppliers other than Russia 

Algerian and Norwegian gas supplies offer an alternative source of imports. The question is 

how much these sources are utilised now and is there a place for more imports from these 

directions. Present estimations are based on merely Eurostat import statistics. We compare the 

2009-2012 highest delivery to the actual 2012 deliveries. If the 2012 imports are lower than 

the 2009-2012 maximum, we consider the import capacity to be under-used. Summing up we 

get 608 GWh (~65 mcm) of free capacities.  

1.1.5 Demand side adjustments 

Savings in gas consumption by voluntary action or through the implementation of forced load 

curtailment can partly compensate for lost gas supply. Policy preference should clearly be 

given to voluntary and low cost demand reduction as opposed to forced curtailment of 

consumers causing severe economic damage.  

1.1.6 Reduced indoor heating 

Reducing indoor temperatures in buildings with primarily gas fuelled heating (individual and 

district) may spare huge volumes of natural gas. We estimated this saving as if an average 

winter was 1 degree milder every day, and quantified the savings for some selected countries 

(Poland, France, Italy and Hungary). On Figure 1, daily average winter temperatures 

measured in Milan (degrees Celsius) are plotted against daily natural gas consumption in Italy 

(GWh/day). It is apparent that lower temperatures result in higher daily gas consumption. 

Although total gas consumption includes non-temperature dependent consumers as well, the 

relationship seems stills strong. The slope of the linear curve gives us the effect of 1 degree 

change on consumption: in case of Italy for instance this figure is 109 GWh/day, 

approximately 4% of Italian daily consumption. Estimated savings range between 2-9% and 

are listed in the table below. 

Figure 1 Daily average temperature in Milan versus daily gas consumption in Italy 
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 Italy Hungary Poland France 

Saving 

(GWh/day) 

109 15 0.11 57 

Saving (% of 

daily cons.) 

4% 4% 2% 9% 

 

Expert estimations give a 6% gas saving for 1 degree of Celsius colder indoor temperature, 

corroborating our calculation. When calculating an EU-wide saving potential, we use this 6% 

as a rule of thumb. Total European natural gas consumption in 2013 was 5000 TWh GCV 

(equivalent to 462 billion cubic metres
3
) A 1 degree milder winter or a 1 degree lower indoor 

temperature in all buildings in Europe would result in a daily saving of 820 GWh (86 

mcm/day).
4
 

1.1.7 Switching of power plants 

European power sector utilises high share of gas-fired power plants to meet its electricity 

needs. If all these units were able to switch to alternative fuels, it would result in a 3425 

GWh/day (360 mcm/day) saving. (see Chapter 4 on fuel switching in the power sector) 

1.1.8 Aggregate short term flexibility 

As illustrated by Figure 2 and Figure 3 below, compared to a 355 mcm/day (~3359 GWh/day) 

lost supply from Russia the present EU gas system has 4-6 times more overall flexibility 

potential from available supply and demand side options. Increased withdrawal from UGS 

facilities provide the most significant flexibility option, followed by power sector fuel switch 

and LNG.  

                                                 
3
 Eurogas estimate for 2013, Press release 18. March 2014. 

http://www.eurogas.org/uploads/media/Eurogas_Press_Release_-

_Drop_in_2013_EU_gas_demand_emphasises_need_for_swift_change.pdf 
4
 Note that this includes savings in the district heating sector as well.  
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Figure 2 Rough estimation of available flexibility of storage and LNG facilities (average 

winter) 

 
  

Figure 3 Conservative estimation of available flexibility of storage and LNG facilities 

working under TPA rules (extreme cold winter) 

 
 

1.2 BARRIERS TO THE FULL UTILISATION OF EXISTING FLEXIBILITY OPTIONS 

The above introduced theoretical flexibility volumes may not be fully delivered to final 

consumers under system shock situations due to a number of factors, further discussed in 

detail in the subsequent Chapters of this paper.  

First and utmost, increased utilisation of gas system excess capacities should be encouraged 

by sufficient price signals. Increased gas wholesale prices due to a supply shock can quickly 

and effectively motivate market players to mobilize supply side flexibility options. Price 

increases can also encourage demand side adjustments in forms of fuel switch or reduced 

heating of buildings. A lack of transparent gas wholesale price signals or the introduction of 

gas wholesale price caps might reduce the ability of the system to react to shocks. 
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Second, the level of stored mobile gas and various technical constraints may inhibit the 

running of storage withdrawal at maximum capacity, especially when the crisis lasts longer. 

The working gas capacity of the storages does not necessarily mean that storages are 100% 

filled for the winter on a commercial basis. With the decrease of working gas volume, the 

daily withdrawal capacity is decreasing, under 50% heavily. In addition, storage capacity of a 

neighbouring country cannot be used if the transportation route is missing or is insufficient. 

Not to mention the fact that in case of emergency, solidarity may not work as expected by 

existing regulation since all member states would aim to ensure safe supplies to their own 

consumers first and just then try to help their neighbours. (see Chapter 3 on natural gas 

storage).  

Third, LNG utilisation may be impossible to be raised above a certain level due to market and 

long term contractual constraints.  

Fourth, own production in the EU is already limited and resources are depleting. The policy of 

the Dutch government to cap Groningen production at 42.5, 42.5 and 40 bcm for the years 

2104-16 respectively reduces short term production flexibility in Europe. No outlook on shale 

gas will be presented in this paper, hence this cannot contribute to this winters’ short term 

flexibility need, nor can it come online in the next decade in significant amounts. 

Fifth, the reduction of indoor heating temperatures in buildings can’t be obligated. Therefore 

related government campaigns to reduce indoor temperatures may only yield smaller savings 

in case of a disruption. 

Finally, pipeline constraints make it impossible to regard the European gas system as an 

interconnected pool with no capacity constraints. Even if we find significant production or 

storage capacities in one country, it may not be made use by its neighbour if interconnectors 

are scarce, transmission capacities are blocked or physical flow capabilities are not 

implemented in both directions. Moreover, not all EU member states are directly dependent 

on Russian gas, thus to replace missing Russian gas in the Eastern member states needs gas 

from other places to be transported through other EU markets. Existing transmission 

constraints limit the potential of the EU, as a whole, to react to short term disruptions (see 

Chapter 2 on reverse flow and new pipelines). 

Therefore calculations like the above are useful in providing a birds’ eye view on the theoretic 

maximum on existing gas system flexibility options, at the same time they fall short of 

grasping the main workings of the natural gas system and market. A modelling exercise, 

which takes market fundamentals and capacity constraints into account, could provide more 

reliable assessments on Europe’s gas system flexibility. In different chapters of this paper the 

European Gas Market Model (EGMM), developed by REKK
5
 will be applied for such 

purposes. Note however that the model simulations allow only for qualitative assessment of 

the scenarios and help ranking of the available policy options. On the other hand, models rely 

on simplifying assumptions that limit their ability to provide precise quantitative forecasts for 

price developments and product flows. 

  

                                                 
5
 For a detailed description of the gas market model see Annex 1. 
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2 INFRASTRUCTURE, MARKET DESIGN AND REGULATORY 

ASPECTS OF PHYSICAL REVERSE FLOWS TOWARDS 

CENTRAL EUROPE AND UKRAINE 

This chapter assesses the actual and the potential significance of bi-directional physical 

operational (or physical reverse flow: PRF) capabilities of existing (and potential new) gas 

transmission assets in improving natural gas supply security in Central Europe and Ukraine. 

After a brief introduction to the topic, the chapter provides an assessment of the physical 

reverse flow projects implemented since 2009 and also reviews the status of exemptions to 

this obligation. Motivations for and obstacles to PRF project implementation are discussed 

briefly. After the stock taking the chapter presents the results of a market simulation analysis 

that aims at assessing the benefits of implemented infrastructure projects (including physical 

reverse flow projects) since 2009 and also the potential usefulness of still remaining physical 

reverse flow projects in terms of improving market integration and supply security in the most 

vulnerable 12 EU member states. Next a separate section discusses reverse flow options to 

Ukraine. The chapter concludes with policy recommendations.  

2.1 BACKGROUND 

The gas transmission systems of EU member states were built to support gas shipments based 

on long term contractual (LTC) arrangements between major (mostly outside EU) suppliers 

from Russia, Norway and Algeria and importers. Such shipments typically required only the 

uni-directional operation of transmission assets from the supplier towards the national borders 

of the buyers. The following general characteristics of historic natural gas long term contracts 

have significance in the context of the present discussion: 

 The typical contract used to restrict the buyer to re-sell LTC gas by applying so called 

destination clauses. Therefore, the EU’s transmission grid was not built to support intense 

cross-border trading with varying physical exchange directions but the execution of uni-

directional gas shipments. In the context of Central Europe, this meant East-West physical 

gas flows 100% of the time, shipping natural gas to the countries of CE and further to 

Germany and Western Europe from Russia (and later transit countries like Belorussia and 

Ukraine). 

 LTCs also include delivery clauses that define the point where imported gas has to be 

delivered by the exporting country. Typically, these delivery points used to be at the 

borders of the importing countries. In order for the exporter to get a certification of 

delivery to issue its bill, gas has to physically pass a metering point installed with an 

electronic meter. The ownership of gas changes only when the gas passed the meter.  

 Take-or-pay (TOP) obligations define the minimum annual contracted quantity (ACQ) the 

buyer agrees to purchase and the seller is obliged to deliver in a given year. The parties 

also agree to the level of flexibility (e.g. ± 10%) they allowed to divert from ACQ without 

extra payments. However, if the purchased quantity falls below ACQ minus agreed 

flexibility, the buyer has to pay for that minimum quantity (ACQ-flex) anyway.  

In the course of creating the EU internal market and fostering within-EU spot trading in gas, 

the EU prohibited the implementation of destination clauses by its Third Energy Package in 

2009. However, delivery clauses and TOP obligations are still part of historic LTCs. The 

prohibition of destination clauses in the early 2000s and LTC re-negotiations from the early 

2010s encouraged the emergence of virtual reverse flow opportunities on existing 

transmission assets.  
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Virtual reverse flow is an option to decrease LTC based physical gas shipments from the 

upstream seller (A) to the downstream buyer (B) in the dominant flow direction in order to 

sell gas at the midstream, higher priced market (C) (see Figure 4). Virtual reverse flow does 

not require the physical shipment of all contracted gas from A to B; instead, some of the gas 

can physically move back to the higher priced (C) market and settlements will follow the 

virtual flow agreements. Most importantly, it does not require a physical reverse flow 

capability from the transmission network. Of course, the quantity of virtual reverse flow 

transactions can’t exceed the firmly committed physical transport quantities to the dominant 

direction (from A to B).  

Figure 4. Physical flows in case of virtual reverse flow transactions 

 
While virtual reverse flow opportunities improve the efficiency of existing gas transmission 

infrastructure and help to develop trading and market integration in times of normal market 

and physical flow conditions, they do not help in case of gas supply disruptions. When there 

is no gas flowing in the main direction from A to B (East to West in CE) there is no gas 

physically available to trade via virtual reverse flow options.  

The case is different with physical reverse flow (PRF) capabilities. In this case transmission 

assets become technically capable to ship natural gas in both directions (from A to B as well 

as from B to C or A). This implies that once the (outside) supplier stops supplying from the 

upstream direction, the pipeline system is capable to deliver gas to the most affected 

customers from alternative directions and sources, in particular from underground gas storage. 

In the Central European context this means that once gas supplies from Russia is halted for 

some reason, CEE customers can potentially access gas from North-West or South European 

directions and sources. The same holds for supply disruptions from North Africa or Norway. 

The upgrade of the European gas transmission grid with bi-directional transmission 

capabilities, coupled with a non-discriminatory access regime to its capacities, is seen by 

many as a precondition to enhanced gas market integration and improved gas supply security 

within Europe. Compared to investments into new infrastructure, the implementation of 

reverse flow capabilities is a relatively inexpensive option and can be implemented quickly, in 

a matter of months. This makes reverse flows suitable for increasing the security of gas 

supply even in the short term. 
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Europe happened to discover the physical reverse flow capabilities of its existing gas 

transmission infrastructure during the two difficult weeks of the January 2009 gas crisis.
6
 A 

major lesson of the crisis was that the use of existing EU natural gas infrastructure was 

inefficient. While gas supply sources were sufficient to serve overall demand, the 

infrastructure failed to transport gas from where it was available to where it was needed. The 

discovery of bi-directional transmission possibilities started with reversing the flow of the 

UK-Belgium interconnector on January 7, 2009. PFR was also made possible to bring 

additional gas from Germany to the Czech Republic and Slovakia and from Greece to 

Bulgaria by the end of the crisis. 

Right after the crisis Gas Transmission Europe (GTE) published an assessment on the 

feasibility and cost of potential major physical reverse flow projects on the EU gas 

transmission grid. The obligation for EU gas transmission system operators (TSOs) to enable 

permanent bi-directional capacity on all cross-border interconnections between Member 

States and to adapt the functioning of their transmission systems in part or as a whole so as to 

enable physical gas flows in both directions on cross-border interconnections became one of 

the major infrastructure standards of the EU’s present gas supply security regulation, 

promulgated fast after the 2009 crisis.
7
 However, the same Regulation provides for the 

possibility for TSOs to get an exemption by the national regulatory authorities from this 

obligation, based on a cost-benefit analysis. Neither the Commission nor the neighbouring 

TSOs or national regulators have the power to efficiently appeal against such an exemption. 

The importance of physical reverse flow projects for EU gas supply security is reflected by 

the fact that the May 2014 Communication of the EC on the EU’s energy security strategy to 

the Council names the implementation of three Central European reverse flow projects as 

short term priorities.
8
 

2.1.1 Implemented reverse flow projects between 2009-2014 

As mentioned before, in July 2009 Gas Transmission Europe conducted a study on short-term 

reverse flow possibilities with low investment needs, most of which could be co-financed by 

the European Energy Programme for Recovery (EEPR).
9
 Under this financing scheme only 

borders between Member States were covered, in line with Regulation 994/2010. Up until 

October 2013, the EEPR has contributed EUR 1,363 million to support gas infrastructure 

projects, of which EUR 1,285 million was assigned to the construction and development of 

gas interconnectors, while a much smaller amount, EUR 78 million was spent on gas reverse 

flow projects. For the purpose of illustrating the cost and size of capacities the EEPR support 

provided, the below table lists the most important reverse flow projects in Central and Eastern 

Europe with their total cost, aims, results and current status. Apparently most of these projects 

were relatively inexpensive to implement – the most expensive among them costing only 

                                                 
6
 Between 7

th
 and 19

th
 January the transit of Russian gas to Europe through the Ukraine was halted. A daily 

average of 380 million cubic meter (mcm) or a total of 5 billion cubic meter (bcm) of Russian gas delivery 

through Ukraine to the EU and South East Europe was lost during these days. Gas industries and customers of 

Central and South East Europe, including many of the new member states of the EU, were hit particularly hard 

by the crisis. The share of lost gas supply for the countries of the region from Austria to Greece due to the gas 

cut accounted for 50-100% (except for Poland and Romania). Several countries had to introduce forced load 

shedding measures.  
7
 See Section 5 of Article 6 and Article 7 of Regulation 994/2010/EU.  

8
 See Annex 2 of Commission Staff Working Document: In-depth study of European Energy Security. 

Accompanying the document European energy security strategy. May 28, 2014. 
9
 Established by Regulation (EC) No 663/2009. 
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slightly more than EUR 30 million – and could be completed in a very short time (some of 

them were implemented during the 3 weeks of the January 2009 crisis).  

Table 1 Physical reverse flow projects implemented under EEPR since 2009 
Project 

country 

Reverse flow 

directions 

affected 

Description Additional 

reverse 

capacity, 

bcm/year 

Total 

project 

cost, EUR 

million 

Status 

AT AT>HU, 

AT>SK 

Reverse flow on the 

Austrian WAG pipeline at 

Baumgarten in the direction 

of HU, SK 

7 3.7 Completed in 

2010 

AT DE>AT Update of the DE-AT 

interconnection to 

accommodate physical 

reverse flow toward Austria 

2.6 2.3 Completed 

and 

operational 

since 2011 

AT IT>AT, 

AT>SK, SI, HR, 

DE 

Upgrade of Austria’s TAG 

pipeline to allow reverse 

flows from IT toward HU, 

SK Connecting the TAG 

pipeline to Baumgarten 

facility to allow reverse flow 

From 3.4 

to 14.6 

6.6 

 

+ 0.85 

Completed 

and 

operational 

since 2011 

CZ, PL CZ>PL, PL>CZ New gas interconnection 

with bidirectional flow 

ability 

0.5 28 Completed 

and 

operational 

since April 

2012 

HU AT>HU>RO 

(possibly HU > 

SEE) 

Upgrade of national grid to 

allow reverse flow in West-

East direction 

N/A 16.2 Completed 

and 

operational 

since May 

2012 

LT, LV LT>LV, 

LV>LT 

Increase of bidirectional 

capacity between Lithuania 

and Latvia 

5 33 Completed in 

2013 

PL DE>PL Upgrade of the Polish grid to 

accommodate more reverse 

flow capacity from Germany 

N/A 28.2 Most of the 

project is 

completed 

since 2013 

CZ CZ>SK (>AT, 

HU) 

Upgrade of Czech grid to 

allow Northwest-East flows 

5.5 7.4 Completed 

and 

operational 

since 2011 

SK SK>CZ, 

CZ>SK, 

SK>AT, 

AT>SK 

Technical upgrade of 

Slovakian grid to 

accommodate bi-directional 

flows between SK-CZ and 

SK-AT 

7.3 1.6 Operational 

since 2011 

RO BG>RO Developing reverse flow 

possibility to Bulgaria 

0.9 3.1 Delayed. 

Technical and 

commercial 

difficulties. 

 

Beyond EEPR supported projects, several physical reverse flow projects have been 

implemented on a commercial basis since 2009. In particular, the completion of the Nord 

Stream pipeline and the connected Opal and Gazelle pipeline projects initiated significant 

PRF implementations in CEE. Non EU-EU border reverse flows were implemented mostly 

towards Ukraine – these will be discussed in detail later.  
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Figure 5 and Figure 6 below summarise available information on existing physical reverse 

flow capacities on the CEE gas transmission grid.  

Figure 5 Interconnector capacities on the EU gas transmission grid, GWh/day, October 

2014.*
10

 

 
* Arrows indicate available physical flow options; ; numbers in boxes indicate available firm physical capacities 

in the given direction with the exception of HU>UA being fully interruptible capacity. 

Figure 6 Reverse flow directions, in% of dominant direction 

 
Source: ENTSO-G, 2014 June, TSOs 

As we can see, a substantial amount of physical reverse flow capacity was implemented on 

the CEE gas transmission grid in the last five years. Note, that back in 2009 the numbers in 

Figure 5 boxes in reverse flow directions were all zero. Today all of the major transit 

                                                 
10

 1 GWh/day capacity, if fully utilized, allows the shipment of approximately 100,000 cubic meter of gas / day 

in the given direction  

HU
AT
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SK

PL

DE

IT
SI

HR
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RO

BG

GR

MK

TR
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UA

BY

RU
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192 

53 
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1 264 

28 

1 122 
1 349 

530 696 
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423 

18 

140 

76 
51 3 

20 

108 468 

61 

73 

8 552 

463 
129 

28 

599 

183 

136 

45 

2 288 263 

178 

781 

Reverse flow direction

No reverse flow

28%
Share of reverse flow capacity in 

dominant direction’s capacity
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pipelines crossing the Central and Eastern European region (TAG, WAG, Brotherhood) are 

offering physical reverse capacities. 

According to the interviews we conducted, the primary motivation for TSOs to implement 

physical reverse flow projects have been business driven. Revenues from expected capacity 

bookings should cover the typically moderate – cost of the projects. As we discussed before, 

in certain cases European funds also contributed to the implementation of these projects (see 

Table 1) 

It seems apparent that the most significant PRF project has been implemented in the Germany 

– Czech Republic – Slovakia direction. Today available physical capacities in the West-East 

direction exceed East-West capacities on these systems, enabling traders to ship gas from 

Germany to the Czech Republic or Slovakia. This development is largely due to the 

completion of the Nord Stream and related Opal and Gazelle pipelines. According to ACER
11

, 

historical contracts for the transit of Russian gas from Slovakia through the Czech Republic to 

Germany and next to Western Europe have been transposed from the Brotherhood pipeline 

system into the Nord Stream – Opal – Gazelle system.
12

 Most probably Russian LTC gas to 

the Czech Republic and Slovakia also flows partly through the new system from North-West 

to East. We were informed that beyond Gazprom, a number of alternative shippers are very 

active in booking physical reverse flow capacities at the DE-CZ interconnectors, motivated by 

price differences between German versus Czech and Slovak gas spot prices and also sales 

opportunities in Ukraine. A consequence is that the dominant physical flow is West-East at 

both the DE-CZ and the CZ-SK borders.  

Physical reverse flow capability on the German-Polish border of the Yamal pipeline was 

established only by the early 2014, with limited capacity: reverse flow capacity from 

Germany to Poland is only up to 13% of the Yamal capacity from Poland to Germany. This 

leaves Poland to remain vulnerable to Russian pipeline supplies. Note that more significant 

amounts of cheap gas imports through reverse flow transactions could impose significant 

financial losses on the local dominant gas wholesaler company. 

TAG and WAG physical reverse flow capacities are also below 30% of the main physical 

flow directions, although e.g. TAG physical reverse flow could serve as an important 

transportation route for North African gas and Italian LNG to CEE, as well as for TAP gas to 

Central Europe in the longer run.  

Implementation of reverse flow project in the South-East European region proved to begin 

later and have taken more time than those in CEE. Physical reverse flow at Negru Voda, 

where the Trans-Balkan Pipeline crosses the Romanian-Bulgarian border, and the new cross-

border pipeline between Ruse and Giorgiu was implemented only in 2013 and 2014 

respectively. Construction works at the Northern part of Romania to enable reverse flow 

within Romania up to the Ukrainen border faced technical and commercial difficulties. Other 

projects needed to enable reverse flow further South on the Bulgarian-Greek border have only 

very limited capacity or are lagging behind. 

In recent years the Hungarian gas transmission system operator initiated and completed with 

its partner TSOs important new interconnections, which at the first time opened up 

possibilities for North-West South-East and North-South gas cooperation in the CEE region. 

The HU>RO (4.8 mcm/day) and HU>HR (19.2 mcm/day) interconnectors were 

                                                 
11

 ACER (2013), Transit Contracts in EU Member States. Final results of ACER inquiry, 9 April 2013. pp 41-

42.  
12

 The Gazelle pipeline entered into the regime of exemption from third party access as of 1 February 2013. 
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commissioned in 2010. Both of these interconnectors were designed to provide bi-directional 

services. However, the implementation of these physical reverse flow projects is delayed. 

 The first reverse gas flow happened to take place in the RO>HU direction in February 

2014. Successful off-shore gas exploration on the Romanian section of the Black Sea by 

OMV and ExxonMobil might necessitate the implementation of potentially significant gas 

transportation capacities in the RO>HU>AT direction. An open season for such a project 

might take place as soon as the first half of 2015.  

 While the HU-HR interconnector is operational in the Croatian direction, the lack of a 

compression station on the Croatian side precludes physical reverse flows in the HR>HU 

direction. The implementation of this option could help to balance the Croatian gas system 

as well as provide a route to ship LNG (in case) or non-conventional gas from the Adriatic 

to CEE and further to Austria or Ukraine. This project is a short term priority project 

according to the European Commission’s communication to the European Council on 

European energy security strategy. ACER is involved to identify a solution to its 

implementation.  

 An important component of the North-South gas corridor in CEE is going to be the newly 

built SK-HU interconnector. It is under test mode now. Commercial operation is expected 

to start in January 2015. Although the pipeline will operate in both directions, the offered 

capacities will be asymmetric: 11 mcm/ day in the SK>HU direction and 4.4 mcm/ day in 

the HU>SK direction. The HU>SK capacity could be expanded by building additional 

compression capacity on the Slovakian side.  

 Finally, Hungary sought to implement PRF on the Hungarian-Austrian gas pipeline 

(HAG), but the Austrian partner asked for and received an exemption to this project. 

However, future gas production on the Romanian section of the Black Sea might strongly 

encourage the Austrian side to agree to a PRF project on HAG.  

 

2.1.2 Exemptions from the physical reverse flow obligation 

Article 7 of Regulation 994/2010 provides for the possibility of granting an exemption from 

the obligation to implement PRF on certain gas transmission interconnections. 

In order to decide about the request for an exemption, regulatory authorities first examine the 

security and vulnerability of their own national market using the N-1 or other criteria. When 

N-1 or other security of supply standards are met, they investigate the commercial viability of 

the PRF project. The question is whether the market demand for capacity in the reverse flow 

direction can justify the commercial viability of the project. When no request on reverse flow 

capacity is received from traders, the regulator finds the exemption request justified, claiming 

that there was no demand for the reverse flow service. The adjacent TSO and/or regulatory 

authority might have a different opinion, and disputes are not easily resolved. 

The Commission’s position on reverse flow exemptions seem to be rather soft: in case TSO’s 

and regulators on both sides of the border ask for an exemption, it is usually granted. 

However, there is no clear rule for the case when they do not agree.  

 The HAG exemption request was disputed in the case of the HU>AT direction by the 

Hungarian regulator, claiming that on the Hungarian side the pipeline was originally built 

for bi-directional flows, so from their perspective they do not see the logic for an 

exemption. The dispute is not yet resolved.  

 On the Hungarian-Romanian border the Romanian TSO was reluctant to invest in reverse 

flow from Romania to Hungary. Hungary was again against the exemption, claiming that 

in a supply disruption Hungary could use Romanian sources (storage or own production). 
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The Commission was involved in the negotiations and a minor reverse flow capacity (5% 

of the total capacity) was inaugurated in 2013.  

 The Commission had to be involved into negotiations on the Greek-Bulgarian and 

Romanian-Bulgarian physical reverse flow projects in order to bring the parties to an 

agreement. However these projects proceeded very slowly. 

We were informed by the Commission that no up-to-date list on exemptions to the 

Regulation’s reverse flow obligation is available. According to Commission’s estimate most 

TSO’s asked for and received an exemption from physical reverse flow obligation under 

Article 7 of Regulation 994/2010. The decisions of the regulatory authorities approving the 

exemption requests are only partially publicly available. 

2.1.3 Major obstacles to implement and utilize physical reverse flow capabilities 

In the following we list those main obstacles to PRF project implementation that we could 

identify in the course of the present survey. 

Lack of commercial viability. This is the standard reasoning used by transmission 

operators for requesting an exemption from PRF implementation. They might argue 

that they do not forecast capacity bookings for given directions and thus they expect 

the project to fail on commercial grounds. The problem with this argument is the 

chicken-and-egg; while under present market conditions market demand might indeed 

be lacking in the absence of actual capacity availability, this could change quickly 

once market fundamentals change or the project is implemented. 

Physical constraints prompted by the LTCs’ delivery clause. It is often asked why 

100% of PRF is not implemented across all major transit pipelines. In some cases part 

of the reason could be the delivery clause (discussed in section 1 of this chapter) of 

historic LTCs. Since LTC based gas shipments should cross and be metered at certain 

delivery points, often within the present EU borders, this limits the possibility to offer 

firm physical reverse flow capacities for the same physical infrastructure up to the 

relevant LTC amount.  

Commercial interest of the incumbent gas wholesaler. The commercial interests of 

incumbent gas companies trying to defend their traditional markets seem to be a 

significant impediment to the swift execution of some reverse flow projects. The 

import of cheap gas allowed by reverse flow projects could impose significant 

financial losses on LTC holding incumbent gas wholesalers due to the TOP clauses 

(discussed in section 1 of this chapter).  

The threat of competitively priced spot gas is also tangible for other majority state-owned, 

dominant gas wholesalers in the region that hold recently renewed Russian LTCs (see Table 

2). Both Gazprom and its EU counterparties might have a shared interest in blocking PRF 

projects to prolong market dominance for LTC gas.  
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Table 2 Long term contracts in selected CEE countries  

 
ACQ, 

mcm/year 
Expiration 

Annual 

consumption, 

2013 

(mcm/year) 

ACQ/2013 

cons. 

Importer 

company 

Majority 

owner 

Bulgaria 2900 2022 3134 93% Overgas Gazprom
13

 

Czech 

Republic 
7500 2035 9138 82% Wemex Gazprom

14
 

Poland 10250 2037 18731 55% 

PGNIG, 

Europol 

(transit) 

Polish state; 

Gazprom
15

 

Hungary 9900 2015 11372 87% Panrusgaz 

 

Hungarian 

state/ 

Gazprom
16

 

Romania 3500 2030 15321 23% 
WIEE 

Romania 

Romanian 

state/ 

Gazprom
17

 

Slovakia 6500 2028 5855 111% SPP 
Slovakian 

state
18

 

Slovenia 830 2018 (2035) 879 94% Geoplin 
Slovenian 

state
19

 

Source: REKK data collection from open news sources 

 

Market protection. Market protection and political considerations can be reasonably 

suspected behind several other failures of PRF project implementation. Reverse flow 

capacities are intended to serve security of supply purposes in crisis situation but flows 

into new directions change the gas trading landscape under normal market conditions, 

bringing benefits for some market players and adversely affecting the commercial 

interest of others.  

Regulated physical reverse flow tariffs. Even if a PRF project is implemented, its 

potential users can be discouraged from using it under normal market conditions, e.g. 

by setting prohibitive regulated access tariffs for its use. Table 3 below contains 

estimations on the tariffs to be paid for standard reverse flow transactions in certain 

directions in CEE. As we can see, the tariffs are very high in the RO>HU case.  

 

                                                 
13

 Gazprom Export 49.51%, Gazprom 0.49%, DDI Holdings Ltd. 50% (possibly a Gazprom-owned company, 

registered in 1999 in London) 
14

 Gazprom owns 50%; Centrex owns 33% (possibly a Gazprom-subsidiary) 
15

 Gazprom owns 48% of shares in Europol and another 4% through Gas-Trading S.A. (possibly a Gazprom-

subsidiary) 
16

 Gazprom Export 40%, MVM 50%, Centrex 10% (possibly a Gazprom-subsidiary) 
17

 Owned by WIEE (50% Gazprom, 50% BASF) 
18

 51% state, 49% E.On and GDF Suez 
19

 Slovenian state 39.6%, Petrol Ljubjana 32%, others 28.4 
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Table 3 Physical reverse flow tariffs at some cross-border points compared to tariffs to 

be paid in main direction (EUR/ MWh) 

  

Source: REKK estimate, assuming 10 000 kWh/h booked capacity and 80% load factor 

2.2 THE STATE OF REVERSE FLOWS TO UKRAINE 

In 2013, due to the growing tensions with Russia, Ukraine started to work out reverse flow 

contracts with European energy companies. As a result, three neighboring countries started 

supplying Ukraine: 

 Poland via the Hermanowicze pipeline (capacity 4.7 mcm/day),  

 Hungary via Beregovo (capacity 16.8 mcm/day)
20

 and 

 Slovakia via Budince (capacity 27 mcm/day) 

In recent years annual natural gas consumption of Ukraine was around 50 bcm, from which 

domestic production covered 20 bcm. Theoretically, the full utilisation of existing reverse 

flow options would allow for the supply of 17.7 bcm/year for Ukraine from non-Russian 

directions. This could cover approximately 35% of annual demand or 60% of Russian 

imports. However, at present there are various obstacles hindering such high utilisation of 

reverse flows to Ukraine. 

The first question to answer is why not the major pipeline systems are used for Ukrainian 

reverse flow purposes, to which we identify the following alternative answers:  

Gazprom booked capacities on the transit pipelines passing Ukraine to their full 

capacity. Even if capacities are under-utilised, the booking of capacities does not leave 

any option for reverse flows on the main pipelines. The Energy Community noted that 

the actual booking regime on the transit pipelines is not clear. Transit contracts similar 

to the current Ukrainian contracts were common in EU member states before the 

implementation of the Third Package. ACER in its paper
21

 concluded that  

“...long-term reservations of a large proportion of entry capacities are likely to amount to 

refusal to supply and may therefore constitute an abuse of dominant position...” 

As we pointed out in section 1, the delivery points for certain Russian LTC gas 

shipments are the UA – EU borders. Since the gas has to physically pass the metering 

points at the border, this limits the possibility to use the same physical asset for PRF 

purposes. This is why e.g. in Hungary an alternative pipeline must be used to ship gas 

back to Ukraine. With respect to Slovakia, the situation has improved. Since one of the 

                                                 
20

 Resolution 2097/2013 of MEKH, (operating license of FGSZ). 

http://www.mekh.hu/gcpdocs/73/2097_2013_sz_FGSZ_hat.pdf 
21

 Transit Contrats in EU Member States – Final results of ACER inquiry. 9 April 2013. 

http://www.acer.europa.eu/Official_documents/Acts_of_the_Agency/Publication/ACER_Report_Inquiry_on_Tr

ansit_Contracts_9_April_2013.pdf 

exit tariff entry tariff exit+entry exit tariff entry tariff exit+entry

DE -> PL Mallnow Gascade Gaz-system F 0.4010 0.7153 1.1163 0.8294 0.4067 1.2361 90.3%

DE -> CZ Deutschneudorf ONTRAS NET4GAS F 0.1127 0.0971 0.2099 0.8363 0.1454 0.9817 21.4%

DE -> CZ Waidhaus GRTgaz D. NET4GAS I 0.4238 0.0971 0.5209 0.8324 0.3425 1.1749 44.3%

DE -> CZ Waidhaus

Open Grid 

Europe NET4GAS F 0.4974 0.0971 0.5945 0.8324 0.4302 1.2626 47.1%

SK -> CZ Lanzhot Eustream NET4GAS F 0.4483 0.0971 0.5454 0.6076 0.2886 0.8962 60.9%

AT -> SK Baumgarten

Gas Connect 

Austria Eustream F 0.1641 0.2229 0.3870 0.5098 0.0999 0.6097 63.5%

RO - > HU Csanádpalota Transgaz FGSZ F 3.7763 1.3207 5.0970 0.3045 0.7498 1.0543 483.4%

Cross border 

point Location TSO2 firm/int.

RF tariff 

as % of 

other dirTSO1

reverse flow main direction
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four major pipelines of the Brotherhood system is virtually empty due to its under-

utilization, this asset could be used for physical reverse flow.  

As we will see, even established reverse flow capacities have been underutilized in the last 22 

months. Major reasons for under-utilization are:  

Reverse flow transactions are price dependent. We can see on Figure 7 that in 2013 

Ukraine paid somewhat lower price for European reverse flows than for Russian 

deliveries. However, in the first half of 2014, the average price paid for Russian gas 

was merely 268.5 USD/tcm. Trade from Europe was suspended and resumed in April-

May, at prices 5-10% below 2013 average.
22

 

  

Figure 7 Average price and quantity of flows to Ukraine, 2013-2014 

 
Source: State Statistics Service of Ukraine (Ukrstat.org), Gazprom newsletters 

Counter party risk is high. Currently a few European companies are active in 

exporting gas to Ukraine including E.ON, RWE, GDF Suez and Statoil. Gas is 

delivered to the border and purchased by Naftogaz, then supplied to final consumers. 

According to the Energy Community, all gas transported via reverse flows have been 

injected into underground gas storage facilities in Ukraine. The above European 

energy companies may be reluctant to supply higher quantities for Naftogaz, a 

company having a poor payment track record. News agencies reported that Naftogaz 

purchases are financed by the state via the National Bank of Ukraine. Shippers said 

they are most willing to ship gas when pre-paid by Naftogas, and this is how currently 

the counter party risk was reduced: deliveries are pre-paid.  

                                                 
22

 The government announced that reverse flows so far allowed for the saving of USD 50 million for Ukraine. 

http://www.kmu.gov.ua/control/en/publish/article?art_id=247650200&cat_id=244314971 
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Political risk is high. All three countries providing reverse flow for Ukraine have 

already been warned by Russia to halt reverse shipments or else face serious 

consequences. Poland and Slovakia already reported occasionally reduced shipments 

from Russia. Hungary decided to stop providing reverse flow capacity to Ukraine on 

September 29, 2014 for an indefinite period.  

2.2.1  Actual reverse flows and capacities 

Physical reverse flows from all directions (Hungary, Poland and Slovakia) totalled 1.9 bcm up 

to the end of September 2014. This figure is around 11% of the total annual reverse flow 

capacity of 17.7 bcm/year. The reason for such low flows compared to the theoretical 17.7 

bcm is the fact that flows from Poland and flows from Hungary were halted on 1
st
 January 

2014 and resumed only in April and May. Furthermore, a larger capacity interconnector from 

Slovakia became operational only in September, 2014.  

2.2.1.1 Poland 

Polish and Hungarian reverse flow possibilities were inaugurated already in 2013, so 

theoretically they would be able to run at full capacity. As a general pattern, existing reverse 

flow possibilities were not the actual reverse use of huge transit pipelines, but the utilisation 

of smaller pipes which had been unused in the past. For example, the Polish Drozdowicze 

interconnector is able to deliver 12 mcm/day to Poland from Ukraine, while the opposite 

direction Hermanowice runs at a different physical pipe interconnector and allows for only 

4.7 mcm/day.
23

 Some trade was conducted in 2013, but flows were suspended on 1
st
 January 

2014. Trade resumed in April 2014
24

, and apart from some interruptions, flows could be 

considered a constant 3.8 mcm/day. The pipeline was utilised at 53% in 2013 and 48% in the 

first nine months of 2014.  

                                                 
23

 ENTSO-G reported 4 mcm/day. According to Gaz-System data, flows surpassed the technical capacity during 

some days. Therefore we set capacity as the maximum flow so far, being equal to 4.7 mcm/day. 
24

 http://en.gaz-system.pl/centrum-prasowe/aktualnosci/informacja/artykul/201833/ 
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Figure 8 Physical capacity and flow of the Polish-Ukrainian interconnector 

 
Source: Gaz-system 

2.2.1.2 Hungary 

The Hungarian interconnector was opened in late March 2013. The pipeline is a smaller 

interconnector, it is physically different from the main import pipeline from Ukraine to 

Hungary. Total physical capacities have not been published by the TSO FGSZ and all flows 

were allowed on an interruptible basis only. The reason for this was that in the event of an 

interruption from Ukraine, the drop in pressure makes it physically impossible to supply 

reverse flows to Ukraine. According to the Hungarian regulator MEKH,
25

 total capacity of the 

interconnector is 16.8 mcm/day. So far, the interconnector has not been utilised up to its total 

capacity: daily flows were seldom over 50% of the capacity of the pipeline. On average in 

2013, the pipeline was utilised at 22%. In the first 9 months of 2014, this ratio fell to 13%. 

Moreover, flows were interrupted and stopped on September 29, 2014. FGSZ, the Hungarian 

TSO announced that the interruption was a result of technical shortcomings and added that 

flows would be suspended for an indefinite period. 

                                                 
25

 Resolution 2097/2013 of MEKH http://www.mekh.hu/gcpdocs/73/2097_2013_sz_FGSZ_hat.pdf 
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Figure 9 Physical capacity and flow of the Hungarian-Ukrainian interconnector 

 
Source: FGSZ,MEKH 

2.2.1.3 Slovakia 

The Slovakian interconnector was opened for commercial flows on 1
st
 September, 2014, and 

it is also a physically separate interconnector from the Brotherhood pipeline. Daily capacity is 

27 mcm/day, and since its commissioning capacity was used at over 95%. 

0

2

4

6

8

10

12

14

16

18
m

cm
/d

ay

PHYSICAL CAPACITY

Physical gas flows



21 

Figure 10 Physical capacity and flow of the Slovakian-Ukrainian interconnector 

 
Source: Eustream 

2.2.1.4 Romania 

No reverse flow exists from Romania to Ukraine. Romania receives its Russian imports via 

two entry points, the larger being the Isaccea point passing through Moldovan territory, the 

smaller being Mediesu Aurit, a branch of the Brotherhood pipeline. Though Romania owns 

considerable domestic natural gas production, Romanian policy has so far been reluctant to 

make its resources available for export. Other possible sources may include LNG via Greek 

terminals, but this would require PRF on the transit pipelines of Bulgaria, which may 

jeopardize Bulgarian supply.  

2.2.2 Indigenous Production 

Ukraine has considerable indigenous production, covering 18-20 bcm/year, while upward 

flexibility of these sources is not likely. Furthermore, there is no information on how the 

border disputes with Russia will impact own production in Ukraine. The Energy Community 

reported that Ukraine used its production to supply consumers and power generation so far, 

and did not fill its own production to storages. The Ministry of Energy and Coal Industry in 

Ukraine announced that Naftogaz managed to increase its production by 2.5% compared to 

2013 in the January-September period in 2014, extracting 13.94 bcm so far.
26

 This 

foreshadows an annual production of 18.5 bcm. 

                                                 
26

 http://mpe.kmu.gov.ua/minugol/control/uk/publish/article?art_id=244911644&cat_id=35016 
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2.2.3 Storages 

Ukraine has huge underground gas storage capacities, totalling nearly 31.95 bcm. According 

to Ukrtransgaz, storages were filled with 16.6 bcm, up to 53% by the end of September 

2014.
27

  

2.2.4 How to meet the 2014-2015 winter consumption? 

Ukraine faces an annual consumption of 50 bcm/year. Historically, most of this was met with 

Russian imports, e.g. in 2012 61% of consumption was supplied from Russian sources. 

Obviously, winter consumption varies greatly due to outdoor temperature. In the 2011-2012 

winter consumption surpassed 40 bcm, while in the considerably milder 2013-2014 winter 

32.9 bcm was sufficient to supply Ukraine’s needs. We do not present a yearly point estimate, 

and instead consider this range for possible demand. 

When considering the 2014-15 winter, we presume the following: 

 Hungary will not deliver any gas to Ukraine in the next winter. 

 Poland and Slovakia will supply the average quantities sold in September 

throughout the winter. 

 Domestic production will be 1.5 bcm a month. 

 Russian deliveries to Ukraine were cut on 16 June, 2014 due to alleged non-

payment. Until the end of deliveries, 14 bcm was imported in 2014. We do not 

expect Russian deliveries to resume.  

 We calculated with a storage level of 17 bcm reported by Ukrtransgaz. 

Summing up all sources alternative to Russian gas imports on Figure 11, we see that sources 

of supply barely miss the minimum expected consumption. This means that in the most 

favourable case, a reduction of demand by 1.3 bcm would be sufficient, while a harsh winter, 

similar to the 2011-12 would require a demand curtailment of 8.3 bcm. Recent significant 

retail gas price increases are expected to reduce demand in Ukraine.  

Figure 11 Possible 2014-2015 winter scenario for Ukraine without Russian gas supplies 

 
Source: REKK calculation based on Ukrstat, Ukrtransgaz, Eustream, FGSZ and IEA 

                                                 
27

 http://www.utg.ua/en/activities/opinfo/ 
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As a comparison, Platts reported a similar calculation, assuming 38.3 bcm of winter demand 

and 32.9-34 bcm of supply other than Russian imports. Platts found that 5 bcm is missing for 

Ukraine’s 2014 winter consumption.
28

 We believe that this gas can be met by demand-side 

measures or curtailment of end-users only. 

2.2.5 Demand-side adjustment 

Ukraine started to work out consumer curtailment procedures already in summer 2014. We do 

not attempt to estimate the effect of demand side measures, but try to give a list of actions 

Ukraine has so far committed. The following measures have been introduced: 

 From September 2014, education is done on a 6-day weekly schedule. This allows 

for a 2-months holiday in January-February 2015, saving energy consumption of 

public buildings. 

 Power outages are scheduled for residential consumers in peak hours (9:00-11:00 

and 20:00-22:00), at most 2 hours a day. Industrial consumption is not planned to 

be curtailed. 

 Local governments are asked to set a lower threshold of temperature for public 

buildings.
29

 

 Gas consumption may be reduced due to the loss of Crimea and Donetsk region. 

Consumers in these regions are no longer supplied from the Ukrainian distribution 

system, but receive gas directly from Russia. For example, a 0.5 bcm/month drop 

in chemical industrial demand was observed due to fights in Donetsk and 

Luhansk.
30

 

 Fuel switching of gas-fired units to oil:
31

 natural gas-based electricity generation 

amounts to 8-10% of total electricity production. It is not clear how much gas-fired 

units are able to switch to coal or oil-firing.  

 In case of emergency, a number of consumers may switch to electric heating, 

however this gas emergency might coincide in time with a power shortage. 

Importing electricity is a limited option, as only a smaller part of the country in the 

South-West is in synchronous control zone with ENTSO-E. Historically, this 

region supplied Europe with cheap, coal-fired power. A greater part of the country 

is synchronous with Belarus, Russia and Moldova. Two 750 kV cables exist to 

Poland and to Hungary, which may allow for supplying Ukraine with electricity if 

some power stations produced in island mode operation.  

 Changes in fuel trade to enable fuel switching:  

o Energy sector consumption amounts to 38% of total consumption (~19-21 

bcm), residential consumption accounted for 30-32% (16.9-17.3 bcm), 

while industry use is around 12 bcm. Energy sector use is dominated by 

CHP and heat only plants (17-19 bcm), resulting in high district heating 

usage.  

o Coal and oil products may be substitutes to natural gas. Trade statistics of 

Ukraine shows the pattern of higher imports and curtailed exports 

compared to last year.  

o Although Ukraine is a net exporter of coal, some additional coal imports 

were arranged in 2014 compared to last year.  

                                                 
28

 Alex Bor: Ukraine faces 5 Bcm gap. Platts IGR, Issue 757, September 22 2014. 
29

 http://www.kmu.gov.ua/control/en/publish/article?art_id=247633498&cat_id=244314975 
30

 Alex Bor: Ukraine faces 5 Bcm gap. Platts IGR, Issue 757, September 22 2014. 
31

 http://www.kmu.gov.ua/control/en/publish/article?art_id=247633498&cat_id=244314975 
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Figure 12 Net coal exports of Ukraine, thousand tons 

 
Source: Ukrstat.org, 2013 January-February data adjusted 

However, the lower level of exports has a more decisive effect on coal available. Compared to 

last year, exports to Russia dropped significantly.  

Oil trade exhibited a similar pattern. Ukraine is a net oil importer. In the second half of 2013, 

net imports surged and Ukraine started to import higher volumes from sources other than 

Russia. Oil exports were also considerably lower compared to last year. 

Figure 13 Net oil imports of Ukraine, thousand tons 

 
Source: Ukrstat.org, 2013 June import data adjusted 

In conclusion, reverse flows from Europe to Ukraine have been conducted solely on a 

commercial basis. Although reverse flows eased the tensions on supply to some extent, they 

fall substantially short of helping to meet requisite demand in Ukraine. Without further 

demand side measures and fuel switching, it seems unlikely that Ukraine can cover its 2014-

15 winter demand. 
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2.3 GAS SUPPLY SECURITY BENEFITS OF PHYSICAL REVERSE FLOW OPTIONS FOR CEE – A 

QUANTITATIVE ASSESSMENT 

The objective of this section is to get a better understanding of the supply security benefits 

that gas infrastructure investments since 2009 (including physical reverse flow projects) have 

brought about for the EU and what additional benefits most vulnerable countries could gain 

from implementing remaining physical reverse flow options in the future. For this purpose we 

carry out simulations by a sectorial competitive gas market model, the European Gas Market 

Model (EGMM), developed by REKK (see Annex 1). 

In the EGMM the European gas infrastructure system is represented by all cross-border 

pipelines, storage and LNG facilities. There are 35 European countries with all their domestic 

production and long term contract supplies. Trading between countries occurs through the 

interconnectors from the cheaper to the more expensive countries, as long as capacity allows. 

Spot trading across interconnectors is constrained by LTC gas shipments and related capacity 

bookings. Storage and transmission tariffs are also taken into account. The model runs 12 

consecutive months and allows arbitrage between seasons. The model calculates wholesale 

gas price and consumption for each country for each month.  

Note two important features of the following modelling. First, the presented results are not 

forecasted values (prices), but price outcomes of controlled experiments. We get them by 

keeping all the model input variables unchanged except for infrastructure setting thus 

investigating the partial impact of changing infrastructure on gas wholesale prices. These 

results can best help the ranking of different policy options while the absolute values (prices) 

should be treated carefully. Second, the model is best suited to analyse the impacts of 

marginal changes in its input variables and the validity of its underlying assumptions (e.g. 

negative price flexibility of demand for almost all possible demand levels) might be too 

optimistic when analysing non-marginal supply shocks like Russian supply cuts.  

We start the simulation by creating three infrastructure scenarios: one representing the present 

situation, another to represent how the EU gas sector would look without investments and 

upgrades that have been implemented since 2009, and a third representing a further upgrade 

of the present gas infrastructure with 100% reverse flow capacities on all EU-EU internal 

borders. Then we simulate and compare how, under these alternative infrastructure settings, 

the EU internal gas market would react to a short and a long term Russian gas supply 

disruption.  

In summary, the infrastructure scenarios are as follows: 

2015 scenario: represents the European market infrastructure as of today (2013-14) 

including all infrastructure that is already constructed and to be commissioned by the 

beginning of 2015 (these are the Slovakia-Hungary interconnector, Polish LNG and 

Lithuanian LNG).  

2009 scenario: the 2015 dataset excluding all the reverse flows, new interconnections 

(among them North Stream) and storage projects (among them the strategic storage in 

Hungary) that have been commissioned in the CEE region since 2009. 

2015 with 100% reverse flow: we assume that 100% reverse flow is available on all 

existing pipelines of the 2015 scenario. 

With regard to supply-demand conditions, we first define a normal “business as usual” 

situation, when no supply disruption happens. Next we introduce two “security of supply” 

incidents or supply shocks, when Russian deliveries through the Ukraine are halted for a 

month or for a year.  
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In our short-term security of supply scenario we assume that 100% of the Russian 

deliveries through Ukraine are halted in January 2015, when demand is peaking in 

Europe. Injection into storage has already been completed in the summer and fall. 

Market participants anticipate normal winter conditions to come. We assume that 

strategic storage units are full, and for all other commercial storage facilities traders 

decide on a market basis about how much storage they use, expecting no supply 

security problems. 

In our long-term security of supply scenario we model an extreme situation when 

100% of the deliveries via all Ukrainian pipelines are halted for an entire year. 

It is the impact of these supply shocks on modelled gas wholesale prices compared to prices 

under normal market conditions that is the focus of our simulation analysis for all three (2015, 

2009, 2015 with 100% reverse flow) infrastructure scenarios. 

The geographical focus of the outcome are the new continental EU member states and Finland 

(hereinafter EU 12) as they are the most exposed to Russian deliveries, but we also publish 

modelled weighted average prices for EU 28. 

2.3.1  Price effects of reverse flows under normal supply-demand conditions 

We start our analysis with the investigation of the reverse flow and other infrastructure 

projects that have been commissioned since 2009 under normal supply conditions and we also 

investigate the impact of 100% available reverse flow in all existing pipelines on European 

wholesale gas prices.  

Table 4 Wholesale price effects of new infrastructures in each of the EU 12 countries 

and on average in EU 12 and EU28 under normal supply conditions (€/MWh) 

  BG CZ EE FI HR HU LT LV PL RO SI SK 

EU 

12 

EU 

28 

Price in 2009 scenario 33.5 26.5 29.1 31.0 29.6 33.4 36.9 34.2 29.8 32.8 28.5 34.1 31.5 28.3 

Price in 2015 scenario 31.3 28.0 29.1 31.0 30.5 30.5 30.1 34.2 28.3 30.3 29.3 29.2 29.6 28.4 

Price change in 2015 

scenario compared to 

2009 scenario 

-7% 6% 0% 0% 3% -9% 
-

18% 
0% -5% -8% 3% 

-

14% 
-6% 0% 

Price in 2015 with 

100% reverse flow 

scenario 

31.3 27.8 29.1 31.0 30.1 30.2 30.1 34.2 28.3 30.2 28.8 28.8 29.5 28.4 

Price change in 2015 

with 100% reverse flow 

scenario compared to 

2015 scenario 

0% -1% 0% 0% -2% -1% 0% 0% 0% 0% -2% -1% -1% 0% 

 

It is of little surprise that new infrastructures which have been built since 2009 resulted in 

lower prices in most of the new member states (see Table 4). Wholesale gas prices in these 

countries are on average 6 percent lower in our 2015 scenario compared to the situation when 

current demand is met by current supply without this new infrastructure. This is due to better 

interconnectivity of the EU market, resulting in a price convergence between hub based prices 

in Western Europe and more oil indexed long term contract based price in Central and Eastern 

Europe. Most EU 12 countries enjoy the favourable price effects except for Czech Republic, 

Croatia and Slovenia. The Baltic countries: Estonia, Latvia and Finland do not enjoy these 

benefits. The price decrease in Lithuania is due to the deliveries of the new LNG terminal in 
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the 2015 scenario. Consumption weighted average price in EU 28 does not change due to the 

new infrastructure projects. 

The last row of Table 4 shows that the wholesale price effect of the additional reverse flows 

would be minimal, as none of the countries would realize more than 2% (0.3 €/MWh) price 

decrease under the assumption that 100% reverse flow is available on all existing pipelines. 

These results suggest that infrastructure investment since 2009 has been reasonable and is 

most probably justified by the price convergence effect it resulted in. More investment into 

reverse flows seems to fail in further enhancing wholesale market integration, thus it is of 

little surprise that on a commercial basis these projects have failed to materialize. However, 

market integration is not the only benefit of these projects; their security of supply related 

benefits are assessed next.  

2.3.2 Price effects of reverse flows under short-term security of supply conditions 

In Table 5 the results of the short term supply cut modelling are presented. The table includes 

the percentage change in January wholesale gas prices caused by the short term supply shock 

compared to the normal supply situation. An increase in the security of supply scenarios’ 

January prices (in percentage) above the normal January prices indicate the increased cost that 

consumers in individual countries would face in a short term supply crisis.  

Table 5 Effect on January wholesale prices prompted by the short term supply cut 

scenario in the EU 12 member states and EU 

  BG CZ EE FI HR HU LT LV PL RO SI SK 

EU1

2 

EU2

8 

January price 

change in 2009 

scenario 

66% 1% 0% 0% 8% 43% 0% 0% 0% 67% 8% 84% 28% 6% 

January price 

change in 2015 

scenario 

38% 6% 0% 0% 7% 23% 0% 0% 6% 39% 13% 14% 15% 7% 

January price 

change in 2015 with 

100% reverse flow 

scenario 

29% 8% 0% 0% 12% 24% 0% 0% 6% 30% 7% 7% 13% 6% 

 

In the EU12 the average price increase in January would be 28% in the 2009 scenario, 13% 

higher than with the new infrastructure built since the 2009 crisis. Modelling results justify 

that these infrastructure investments contribute measurably to security of supply in EU12 and 

the EU as a whole. In our 2015 infrastructure scenario a 100% supply cut in January on all 

Ukrainian pipelines would result in a 15% price increase on average
32

 in the EU12states. 

However, not all countries benefit. Assuming the current infrastructure - expanded with the 

Hungarian-Slovakian interconnector and Polish and Lithuanian LNG - Romania, Bulgaria and 

Hungary (39%, 38% and 23%) would suffer the highest price increase in the short-term 

security of supply scenario. Price increase in these countries would be even higher in the 2009 

infrastructure scenario (67%, 66% and 43% respectively). The largest winner of the newly 

built infrastructure is Slovakia, where the measure of price increase falls from 84% to 14% 

due to the large Czech-Slovakian (reverse flow) interconnector. At the EU level the price 

increase due to the short-term supply shock is similar on average in the different infrastructure 

scenarios, however stronger interconnection has reduced the difference between Western and 

                                                 
32

 We use consumption weighted average prices 
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Central-Eastern Europe. Due to the newly built infrastructure since 2009 the average price 

increase in Western Europe under the Ukraine cut-off scenario rises from 1-2% to 5-6%, but 

in exchange there is significant reduction in Central and South-Eastern Europe (from 40-60% 

to 20-40%, see details by countries in Figure 14), hence increased solidarity across Europe.  

Figure 14 In the green boxes (in%): Price increase in Europe due to a 100% supply cut 

in January on all Ukrainian pipelines: 2009 scenario in the left hand side and 2015 

scenario in the right hand side  

 

 

*Coloring of the countries: grey for the countries that are not impacted by a Ukrainian transit disruption, red, 

where prices go up, the darker, the larger price increase occur. Blue arrows: LNG flows, white arrows: 

modelled gas flow on interconnectors, congested when colored; Grey boxes: outside market prices 

Comparing the second and third rows of Table 5 one can see that the impact of additional 

reverse flows would be moderate in our short-term security of supply scenario: the January 

price increase would be reduced from an average 15% to 13% in the case of EU 12 countries 

and from 7% to 6% in the case of EU 28 countries.  
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Figure 15 In the green boxes (in%): Price increase in Europe due to a 100% supply cut 

in January on all Ukrainian pipelines: 2015 infrastructure scenario in the left hand side 

and 2015 infrastructure with 100% reverse flow scenario in the right hand side  

  

* Coloring of the countries: grey for the countries that are not impacted by a Ukrainian transit disruption, red, 

where prices go up, the darker, the larger price increase occur. Blue arrows: LNG flows, white arrows: 

modelled gas flow on interconnectors, congested when colored; Grey boxes: outside market prices; Orange 

circles: new reverse flow capacities – without an arrow means that there is no flow 

Figure 15 shows the impact of additional reverse flow capacities on prices in the case of 

short-term security of supply situation. It can be seen that in the CEE region Austria, Slovakia 

and Slovenia would realize the highest benefit from the additional reverse flow capacities in 

terms of a lower price increase, while Bulgaria and Romania would benefit from the Greece-

Bulgaria reverse flow. However, at the same time the price in Greece would increase because 

of the congested capacities of its LNG terminal. In other Balkan countries and Hungary 

import pipelines from north and west are congested, meaning that more interconnectors would 

be necessary to further moderate 2015 price levels in a short-term supply security situation. 

2.3.3 Price effects of reverse flows under a long-term security of supply incident 

Table 6 shows the price effect of our long-term security of supply scenario in EU 12 countries 

and on average in EU28. 

Table 6 Wholesale price effect prompted by the long term supply cut scenario in the new 

EU member states and EU (%) 

  
BG CZ EE FI HR HU LT LV PL RO SI SK 

EU 

12 

EU 

28 

Annual price change in 

2009 scenario 
121 6 0 0 33 160 0 0 0 123 34 263 56 18 

Annual price change in 

2015 scenario 
137 13 0 0 26 156 5 0 12 141 28 26 53 18 

Annual price change in 

2015 with 100% reverse 

flow scenario 

71 15 0 0 100 109 4 0 13 83 16 15 41 16 
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Results summarized in Table 6 are different from the results of the short-term security of 

supply scenario. The price effect of the infrastructure projects which have been built since 

2009 is more moderate in the long-term scenario. The highest benefit from the new reverse 

flows since 2009 is realized in Slovakia (price increase falls from 263% to 26%!) and Ukraine 

(from 262% to 170%). Other CEE counties do not benefit much in this situation, although 

Balkan countries realize a moderate gain. On the other hand, in Western European countries 

the price increase in the case of a one year supply cut moves from 3% to 10-12% on average. 

The benefits of realizing 100% reverse flow on all interconnections are significantly higher in 

the long-term security of supply scenario than in short-term, whereby the average price 

increase in EU12 would drop from 53% to 41%. The largest winners are Bulgaria (price 

increase drops from 137% to 71%), Romania (from 141% to 83%) and Hungary (from 156% 

to 109%), and Balkan countries also realize positive gains with the exception of Croatia, 

which suffer losses due to the reverse flow to Slovenia and Hungary.  

At EU28 level the overall effect of additional reverse flows is also positive, because the slight 

price increase in Western Europe (from 10-12% to 12-14%) is highly compensated by the 

significant price effect in CEE and SEE Europe. The price effect of a long-term crisis by 

countries is shown in Figure 16. 

Figure 16 In the green boxes (in%): Price increase in Europe due to a 100% supply cut 

for a whole year on all Ukrainian pipelines: 2015 infrastructure scenario in the left hand 

side and 2015 infrastructure with 100% reverse flow scenario in the right hand side 

 

* Coloring of the countries: grey for the countries that are not impacted by a Ukrainian transit disruption, red, 

where prices go up, the darker, the larger price increase occur. Blue arrows: LNG flows, white arrows: 

modelled gas flow on interconnectors, congested when colored; Grey boxes: outside market prices; Orange 

circles: new reverse flow capacities – without an arrow means that there is no flow 

The capacity expansion of the German-Austria reverse flow brings the most significant effect 

among the additional reverse flow projects. This would result in a significant benefit for 

Austria and Italy. The reverse flow from Croatia and Romania to Hungary, and from Austria 

to Slovakia could also play significant role in the case of long-term security of supply 

problems. Bulgaria and Romania benefit from the Greece-Bulgaria interconnector via larger 

LNG shipments into Greece. Table 7 summarizes to what extent the modelled additional 

reverse flows are accounted or unaccounted for in the different scenario simulations. 
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Table 7 Usefulness of the additional reverse flows (signed with X if the given reverse 

flow is utilized in the different scenarios) 

  

Scenario 

Normal 
Short-term 

SOS 

Long-term 

SOS 

DE-AT 

expansion 
x x x 

SI-AT  
   

IT-AT 

expansion    

SI-IT 
   

HR-SI 
   

DE-PL 

expansion    

PL-CZ 
   

AT-SK 

expansion 
x x x 

GR-BG 
 

x x 

HU-RO 
  

x 

HU-HR 
 

x x 

HU-AT 
   

 

Although additional reverse flows would mitigate the price effect of a long-term security of 

supply crisis in the CEE and Balkan region, Hungary, Ukraine and Balkan countries still 

would suffer from more than a 100% price increase. This suggests that higher capacities from 

Western Europe would be necessary. Table 7 suggests that some reverse flow pipelines (using 

empty lines) that are not used under supply security scenarios might be exempted from PRF 

obligations, assuming that commercially driven investment would not occur and TSOs and 

regulators on both sides agree on the exemption. 

2.4 POLICY PROPOSALS TO REMOVE BARRIERS TO REVERSE FLOW IN CEE 

 All cross border pipeline capacity within the EU should have sufficient physical 

reverse flow capacity. The European Commission and the national regulatory agencies 

should review reverse flow exemptions with a full consideration of the potential 

security benefits. ACER should monitor the effective implementation of this 

requirement.  

 Existing EU-Ukrainian reverse flow pipeline capacity should be used whenever 

commercially viable with appropriate mitigation of counter party risks.  

 Options for bi-directional flows on all EU import capacities with third countries 

should be carefully investigated.  

 An effective single market needs not only physical infrastructure but also appropriate 

market functioning. Transparent market based allocation of cross border capacity 
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needs to be consistently applied and enforced. In several cases interconnection 

capacity has been allocated in a non-market based fashion, often to the incumbent 

monopoly and long term contracts create contractual congestion.  
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3 THE ROLE OF STORAGE AS A FLEXIBILITY MECHANISM 

3.1 LIBERALIZATION OF THE GAS MARKET AND ITS CONSEQUENCES FOR THE STORAGE 

MARKET 

It is generally accepted that gas storage is the most effective tool to provide flexibility through 

increasing supply to meet higher demand both in times of higher demand peaks and over a 

longer period of time. There are several functions that storage facilities can provide. 

Historically the main function of storage was to help balance the seasonal differences in gas 

demand. Demand has been driven mostly by weather
33

 (heating needs) in well developed 

markets. By providing additional gas in the winter, storage enabled the system to work more 

effectively by increasing the transmission load factor. Using transmission pipeline at full 

capacity delivered gas to storage units in the summer, and conversely additional volumes 

could be withdrawn in winter.  

The other traditional storage function is to provide security of supply in the case of severe 

weather conditions, supply interruption or sustained technical failures. Any disruption of 

supply that required system pressure to be restored would be very time and labour consuming 

– and very expensive, especially when many consumers are affected. Historically there are not 

too many examples of outright technical failures; the largest one happened in Australia in 

1998 and lasted for 19 days. In Europe the most referred case was the supply interruption that 

was a consequence of a price dispute between Ukraine and Russia in 2009, which lasted for 

about two weeks. 

In a market environment other factors aside from weather can also drive the need for 

flexibility. In liberalized markets storage offers services to exploit the arbitrage between spot 

and future prices by allowing for withdrawal when spot prices move significantly above 

future prices and for injection when spot prices are lower - thereby locking in future volumes 

at lower prices. These manoeuvres have, however, certain prerequisites beyond the technical 

capacity for multiple storage cycles in a year; namely a reliable forward curve in a deeply 

liquid market is a must. 

Liberalization has brought challenges for storage as well. Due to unbundling requirements and 

third party access rules, storage facilities no longer have the guaranteed volumes booked by 

large incumbent utilities, and instead have to compete to satisfy flexibility that traders seek to 

achieve. On the supply side this refers to the domestic production flexibility, or flexibility of 

the import contracts, and in the short term even linepack.
34

 On the demand side, the switch to 

alternative fuels (typically in the power sector) and interruptible supply contracts (e.g. for 

some industrial consumers) might also be part of a trader’s flexibility portfolio. More market 

oriented balancing rules incentivize traders to use price mechanism as the primary means for 

balancing supply and demand. They are penalized when they are out of balance, for example 

by being required to buy or sell gas at the highest or lowest prevailing price on the given day. 

The market is thus setting the price for imbalance. Traders are best able to make well 

informed decisions on the commercial trade-off between the cost of flexibility and the 

financial penalties resulting from an imbalance or supply disruption. Ultimately, they can 

choose to under-book storage capacities (or use another source of flexibility) with the 

                                                 
33

 Although weather is still the most significant driver of demand, especially in the power sector there are other 

factors that drive demand: electricity prices, relative price of gas to coal, renewable generation etc.  
34

 Linepack is the gas in the transmission system to keep the necessary pressure. In case of a large system 

linepack can be a sufficient source to cover daily imbalances. 
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expectation of covering imbalances through trade, concluding that financial penalties of an 

unbalanced portfolio are much less than the cost of booking storage. Two concerns might 

arise from this: 

First, if all traders rely on trading to meet imbalances, storage capacities will not be booked 

and filled in sufficient quantities and the system will be less able to cope with supply 

shortages caused by extreme weather or a supply interruption. 

Secondly, traders are better informed than investors on the value of flexibility, which is 

difficult to forecast but in essence creates the value of the facility. Hence investors have to 

make investment decisions in a largely uncertain environment. 

There are two questions derived from these concerns: 

1. Is there sufficient storage capacity in the European market to ensure security of supply? 

2. Should regulation intervene to pressure market participants to inject more gas into storage?  

In the following we will analyse the European gas market to answer these questions. 

3.2 IS THERE SUFFICIENT STORAGE CAPACITY IN THE EUROPEAN MARKET TO ENSURE 

SECURITY OF SUPPLY? 

It is important to discuss the volume and deliverability of storage capacity available in the EU 

and the actual level of storage volume filled at the beginning of the storage year (October 1.) 

We will discuss these two problems separately, starting with the capacity issue. 

Previous analysis
35

 showed that Europe has vast storage capacities, however they are 

unevenly distributed. The 2014 data shows that European storage facilities were able to store 

19% of total EU gas consumption. This ratio for the 11 new Member States that have gas 

consumption and Finland (to be referred as EU12
36

) is 27%. It is no surprise that Central and 

Eastern Europe have much larger storage capacities than Western Europe due to much higher 

import dependency on a single non-European supplier (Russia), and very limited amount of 

domestic production. Literature on storage
37

 suggests that the loss of one mcm of domestic 

production raises the storage need by 0.3 mcm, and given the long term trend of decreasing 

European production this will certainly elevate the need for more storage accordingly. 

Figure 23 shows that the EU ratio between injected gas into storage and winter consumption 

of the previous year has been stable for the last few years, falling between 18-19 %. This can 

be used as a benchmark for the average EU storage capacity needed under business and usual 

(market and weather) circumstances.  

With a decrease in forecasted European natural gas consumption the need for storage capacity 

will also decrease. Hence no additional storage capacity need is visible, assuming that the risk 

of a supply crisis does not increase. However this general rule does not apply for all countries, 

especially those that have depleting indigenous production that will require an increase in 

imports. 

                                                 
35

 REKK 2013: Natural gas storage market analysis in the Danube Region 

http://www.rekk.eu/index.php?option=com_content&view=article&id=287%3Anatural-gas-storage-market-

analysis-in-the-danube-region&catid=40%3Aarampiac&Itemid=76&lang=hu 
36

 EU12: BG, CZ, EE, FI, HU, HR, LV, LT, PL, RO, SI, SK, covers those countries which have more than 50% 

of Russian gas in the natural gas import portfolio. 
37

 Ramboll 2008 
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In the following we analyse on a country basis the flexibility level that each country can 

provide with its own storage facility as a ratio of daily peak consumption. To put this in the 

context of the looming security of supply threat from Russia this winter, we present the share 

of Russian gas used in peak consumption from last years’ data.  

Figure 17 shows the differences in the European national markets resilience to short term 

supply or demand shocks. Vertical axis measures daily storage withdrawal capacity/ daily 

peak consumption, and the horizontal axis measures the share of daily Russian import of daily 

peak consumption. Countries over the diagonal line are able to replace the possible Russian 

cut-off on a daily basis, while countries below the line are not able to replace their needs by 

storage. However the unique national characteristics of energy consumption and integration 

again matter; for example Finland uses gas mostly for power production that can switch fuel, 

and Slovenia is using the neighbouring Austrian storages.  

Figure 17 Relationship of daily storage withdrawal capacity in daily peak consumption 

and share of Russian import in daily peak consumption 

 
Source: REKK calculation based on Entso-G, Eurogas 

Similarly, in order to simplify the outcome of Figure 17, some important factors such as the 

share of gas consumption in energy consumption and indigenous production possibilities are 

disregarded. Some countries have significant own production (such as Romania or the 

Netherlands) and consequently they are not as heavily influenced by a high share of Russian 

imports as others, while others have a lower share of gas use in their energy consumption (e.g. 

Poland, where coal is the most important fuel). These factors would place them well above the 

grey line indicating that these countries do not face severe annual security of supply risk from 

Russia.  

Figure 18 displays the share of working gas in total annual consumption and the ratio of 

Russian imports in total annual consumption. The main message of Figure 18 is that the 
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higher the Russian dependency in a country, the more storage facilities will be located in the 

country. Still, storages on their own can not cover annual gas demand.  

Figure 18 Relationship of storage working gas capacity in annual consumption and 

share of Russian import in annual consumption 

 

source: REKK calculation based on Entso-G, and Eurogas 

We can conclude that storage infrastructure is sufficient on an aggregate EU level – even 

excessive in some markets – but it is unevenly distributed. Although in the short term the 

storage capacities are sufficient, due to facility closures/mothballing and lack of new 

investment it is not certain that this will remain the same in the future. Storage investment is 

necessary in some Western European markets due to the drop in indigenous production 

mostly because the Groningen field of the Netherlands cannot provide the same level of 

production flexibility as it used to. The reasons are partly of technical nature (depleting fields) 

and partly because regulation set for the next 3 years has limited production at the Groningen 

field for flexibility purposes following recent earth quakes. 

During discussions in the Madrid Forum, market players made it clear that the establishment 

of a required storage level is not desirable, something echoed in other forums during spring 

and summer of 2014. 

Literature on this issue also stresses that there are too many determining factors affecting 

storage need (consumption structure, supply structure, in-country weather conditions, 

geological availability of potential sights, etc.) to arrive on a blunt rule of thumb for 

determining adequate capacities. 

Regulated storage tariffs and other barriers to a competitive storage market: In a 

vertically integrated market storage need was determined on the basis of optimising the 

physical system together with the gas supply and sales contracts. The cost of building and 

operating storage facilities was imbedded in the overall system cost and was not priced 
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separately. The desire to reduce security of supply disruption risks to a very low level 

explains the tendency to over-build storage units. Due to unbundling, storage facilities are 

now separate entities that have to be considered and priced separately. Although European 

regulation allows for both regulated and non-regulated storage tariff setting, the majority of 

storage volumes and withdrawal facilities are subject to regulatory price setting (see Figure 

19). 

Figure 19 nTPA and rTPA regulatory regimes in Europe (2014) 

 

 
Justification for tight regulation is overwhelmingly the monopolistic/oligopolistic structure of 

the storage market in many EU Member states. To support new investment, and/or for system 

operation purposes, regulators can permit non-TPA to some facilities (typical in the 

Netherlands and in the UK).  

In the more liquid and developed markets storage products are auctioned (eg. UK, Czech 

Republic) and tariffs are reflective of the winter-summer gas price spreads, representing the 

most important value-added component of storage from a traders’ point of view.
38

 As the 

winter-summer spread has been very narrow for the last few years, the auctioned tariffs are 

well below those set by the regulators on a cost basis. The asset value that regulators consider 

when setting the tariffs might be much higher than the value of the storage sites in the market. 

Some depreciation of asset value may occur when liberalized price setting (if ever) will reach 

the Eastern regions, but this is clearly not in the interest of (in many cases state owned) 

storage facilities.  

Ownership of incumbent suppliers with a near monopoly position in the storage market 

obviously raises the attention of the regulator. It is well justified to monitor the access rules, 

                                                 
38

 For example Rough SBU (SBU is a Storage bundled unit, usually different for each facility: a pre-determined 

mix of working gas capacity, injection and withdrawal rate to maximize the utilization of a facility) is priced on 

the published prices for Q1 of the next calendar year minus the summer price of the present year multiplied by 

the relevant therms provided by one SBU. (Source: Le Fevre 2013) 
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transparency and on-pricing of services. In some countries storage capacities can be booked 

on a very long term basis, which makes capacity hoarding a real threat to new market players. 

However it is not a problem for supply companies to own storage as a sort of hedge, as this is 

part of portfolio management. Demand shock or supply disruption that drives high wholesale 

prices might create losses in the retail business but at the same time there will be gains in the 

storage business.  

High storage tariffs can only prevail if storage in these markets do not yet feel the competitive 

pressure from other sources of flexibility, or from each other. The comparative tariff 

analysis
39

 from 2013 shows (see Figure 20) the emergence of huge differences in storage 

tariffs in Central and Eastern Europe. The tariffs are calculated for a one year SBU of the 

facilities and converted to €/MWh. The winter-summer spread at this time was around 5 €/ 

MWh. 

Figure 20 Storage tariffs in selected Member states converted to €/MWh) 2013 

 
There are several other barriers to the emergence of regional storage markets in Europe. One 

is the insufficient physical interconnectivity of markets, and the other is limited access to each 

other’s storage facilities. The security of supply driven obligations in some member states
40

 

hinders traders’ access to storage in the times that storage is most needed. Transmission 

capacity bookings on an interruptible basis between two national markets have the same 

effect: traders can’t rely on them in extreme situations.  

When competing to offer flexibility, a storage facilities’ position is strongly determined by the 

transmission tariff structure of the market that they are part of. High transmission tariffs on 

the borders and especially storage entry/exit tariffs to the network can prohibit the ability of 

some facilities to compete with other sources of flexibility. To give an example, in Figure 21 

the total cost of storage and transmission (by 2013) for the same volume are compared on 

three competing routes. Although storage services are cheapest in Hungary, the total cost is 

the highest on the route through Hungary. There is also a missing physical link between 

                                                 
39

 REKK 2013 
40

 In some countries those traders that have domestic consumers in a market have an obligation to store gas and 

this gives them a priority in the booking as well. Enforced storage measures exist in Austria, Belgium, Denmark, 

Ireland, France, Italy, Hungary, Poland and Slovakia. For a detailed country based list of security of supply 

measures see Preventive Action Plan and Emergency Plan Good Practices. JRC, 2012 

http://ec.europa.eu/energy/gas_electricity/secure_supply/doc/jrc68736_preventive_action_plan_and_emergency_

plan_good_practices__a_review_of_eu_member_state_natural_gas.pdf 
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Hungary and Austria, where the Austrian TSO was granted an exemption from physical 

reverse flow obligation from the regulator. The third route is computed using backhaul 

capacities that are not firm capacities. If regulators want to encourage traders to inject more 

gas into storage, they have to take into account the set bundled storage and transmission fees, 

and should not exempt existing routes from reverse flow obligation.  

Figure 21 Cost of storage on different transmission route EFS example of 2012 

 
Source: EFS 

2. Should regulation intervene to pressure market participants to inject more gas into storage?  

We identified in the introduction that one possible market failure of gas market liberalization 

could result from competing sources of flexibility, whereby traders do not book and fill 

storages and capacities remain underutilized. In a well-functioning market traders react to 

price signals. If forward prices for the winter are higher than summer prices + storage cost, 

they will inject and fill storages. Of course, they do not see all price hikes in advance and 

can’t forecast weather a half year in advance. They might optimize their portfolio for an 

extreme (1 in 20) winter, but they will not keep extra gas stored for security of supply 

purposes unless they know in advance that a serious risk of a major supply disruption in the 

coming winter is imminent – and this might cause price hikes even for a longer time period. 

This year Europe was warned two times in letters from Prime Minister Putin (April, May 

2014) and as Figure 22 shows, European suppliers and traders reacted to the warning in 2014 

despite decreasing forward prices for the coming winter.  

Without having a warning on time, there was a small decrease in the maximum storage stock 

from 2011 to 2013, which can be explained by the drop in European gas demand. The ratio of 

injected working gas to working gas capacity on Oct 1 was around 18-19% of the previous 

year’s consumption, but in October 2014 due to the added risk of the Ukraine crisis, this ratio 

went up to 26% (see Figure 23). Importantly, storage levels are never reduced to their 

technical minimum as there is a visible tendency to keep at least 10% of the working gas 

volume in storage at the end of the winter season, although it was not true after the cold spell 

of 2012 in France and in the UK. This signals two things: first, that by planning their 

portfolios, most suppliers use conservative approaches and are risk averse; and secondly, that 

in France and the UK respectively more monitoring and storage is likely required. (In France 

storage was only 80% filled on 1
st
 of October 2012, in the UK it was 94%) 



40 

Figure 22 European aggregate storage capacity and working gas volume (2008- mid 

September 2014) 

 

Source of data: GSE, September 2014
41

 

                                                 
41

 Of note is that the total capacity represented in the graph is also based on better data coverage of GSE. 

For example, total storage capacity in 2010 was 80.6 bcm, while in 2013 it was 89.9 bcm. The majority of the 

difference is caused by limited daily data coverage by GSE from Austria, France, and the Netherlands. 
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Figure 23 Storage level as a ratio of previous year winter consumption, EU 

 
Source of data: GSE AGSI, Eurostat 

In Table 8 below we listed the fill-up rate of storage in selected countries. We see that by 31 

October each year, storage is filled up to over 80% of total capacity. The lowest rate in 2013 

March is partly the result of the cold spell of 2012 and the cold wave in March 2013, when 

storage levels went down to a historical minimum. Only 5% of working gas capacity was 

filled in the UK and 8% in France. This cannot be explained by underutilization of storage 

because in the previous October UK and French storage levels were over 80% full. The 

unusually warm winter of 2012/13 left storages “half empty”, adversely affecting many 

traders that invested into stored gas that could not been sold on the market.  

The 2014 fill-up rates appear to be artificially higher than previous year’s figures because of 

the likelihood of a possible cut-off of supplies through Ukraine. There was no direct 

regulatory intervention pertaining to storage levels (except for Hungary, where strategic 

storage stock was increased back to 915 mcm early 2014, and additional Russian gas injection 

of 500 mcm was agreed to in September 2014), although the visibility of stock levels through 

the GSE transparency platform led to public awareness and regulatory debate that has put 

enough pressure on suppliers to book and fill storage.  
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Table 8 Fill-up rates of storages by 1 October and March 31, 2009-2014 in European 

hubs 
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Baumgarten 

(AT/CZ/SK/HU) 91% 45% 92% 42% 89% 40% 84% 23% 68% 31% 84% 

France 83% 28% 84% 23% 86% 21% 80% 8% 75% 25% 89% 

Germany 93% 31% 94% 43% 96% 48% 93% 22% 83% 58% 94% 

Spain 93% 32% 92% 44% 96% 61% 94% 62% 81% 63% 100% 

NBP (GB) 87% 17% 87% 33% 96% 59% 94% 5% 87% 53% 96% 

Italy 88% 45% 91% 49% 98% 49% 90% 37% 84% 46% 96% 

TTF (NL/DK) 85% 34% 86% 56% 90% 59% 80% 30% 74% 65% 97% 

Zeebrugge 93% 30% 92% 17% 100% 33% 98% 20% 83% 58% 100% 

Source: GSE 

The lowest utilisation is found in the Baumgarten region due to the low working gas volumes 

in Hungarian storage (see Figure 24), while all other countries in the Baumgarten region have 

rates over 80%. 

Figure 24 Storage fill-up rates in the Baumgarten hub area (July 2012-Oct 2014) 

 

Source:GSE 

The reason for low storage utilization in Hungary is overinvestment into storage from 2006-

2010. The extension of previous storage sites by E.ON (more than 800 mcm) were 
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supplemented by a politically determined strategic storage investment (MMBF: 1900 mcm). 

This massive capacity increase happened to coincide with a drop in Hungarian consumption 

by almost one third from 14 bcm in 2006 to less than 10 bcm in 2013. 

There was a serious debate about the possible need to intervene in the storage market as the 

Ukraine-Russian conflict turned out to be a serious threat to the European gas supplies in the 

coming winter and there was a broad agreement that the question of storage should be 

discussed within a regional context. At a CEER and GSE co-organised workshop
42

 most of 

the participants concurred that intervention is not desirable. However there was also 

consensus on a few exceptions for less developed markets where price signals are not always 

sufficient – for example in cases where the incumbent has too high market share – and 

stronger regulation is required. This is mainly an issue in Eastern Europe. For the most part it 

was emphasized that “interventions distort the efficient functioning of the market and should 

only be considered where there is clear evidence of market failure”. 

To identify a “market failure” is difficult especially where no competition on the gas market 

exists, like in the isolated Baltic gas market where there is no domestic production and a 

single supplier. Utilizing the only (and fortunately massive) storage site in Latvia as a source 

of “strategic storage” seems to be a straightforward decision, approved by all market 

participants (including the import supplier Russia) and the regulator. To take the other 

extreme, the UK gas markets’ response to supply shocks is widely accepted to be a 

demonstration of well-functioning market-based price signals.
43

 Lessons from the UK can be 

best summarized as follows: create a market for gas to gas competition with many different 

sources of supply (domestic, Norway, LNG), allow for price volatility so that investment into 

storage can realize profits, allow access to continental sources/storages and leave it to the 

market alone - it will work! It might be the “in-between” management that should be given 

more attention.  

Various types of storage obligation already exist in Austria, Belgium, Denmark, Ireland, 

France, Italy, Hungary, Poland and Slovakia, although they are very different in nature. An 

obligation can be placed on a supplier, trader, TSO, large consumer, etc. The basis of 

obligation can be on the share of import, on total consumption, on residential consumption, 

etc. In Hungary an administratively defined working gas volume of a dedicated storage 

facility serves “strategic” purposes. The justification for this obligations is that household 

consumers should be protected, as their demand is rather inelastic especially in the short run. 

Only counties with a substantial portion of gas in the energy mix and a large share of 

household consumption tend to apply these measures (except for the UK, as discussed above).  

There are plenty of examples as to how public service obligation (requiring or not requiring 

the use of storage) and strategic storage measures can distort market. EFET (2011) pointed 

out that despite some changes in regulation, the storage market regime still creates a barrier to 

new entrants on the Italian market. Access rules to storage and measures against capacity 

hoarding is high on the European Commission’s agenda, and without questioning the need for 

all of these measures, the focus here remains on the security of supply driven distortions of 

the market. It was also said in many forums that administratively set strategic storage stock 

inhibits the development of market based solutions, which is illustrated in the following 

section using Hungary as an example. 

                                                 
42

 CEER-GSE joint Workshop on Gas Storage and Security of Supply, June 23 2013, 

http://www.ceer.eu/portal/page/portal/EER_HOME/EER_WORKSHOP/CEER-

ERGEG%20EVENTS/GAS/Joint_CEEE-GSE_WS_2014/Tab 
43

 More on this see: Le Fevre 2013 
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3.3 CASE STUDY ON THE HUNGARIAN STRATEGIC STORAGE SITE 

Strategic storage is gas stored for use only in the case of a clearly defined emergency. The 

Hungarian storage MMBF was built for such purposes as a result of the 2006 Ukrainian gas 

crisis, but was never tested as it was not yet online at the time of the 2009 crisis. The size of 

the strategic stock according to the original law was 1200 mcm and a 20 mcm/day withdrawal 

capacity had to be ensured for 20 days. The stock can only be released by the relevant 

Minister and is dedicated for household purposes only. At the time of the commissioning of 

MMBF, 700 mcm working gas capacity and 5 mcm/day withdrawal capacity were licensed in 

the same facility for commercial use.  

Administrative and non-transparent decision-making over how strategic storage stocks were 

to be handled in Hungary between 2011 and 2014 - having no security of supply issues during 

this time (see Figure 25) - suggest that stock changes serve short term political goals. The 

difference between the original strategic stock level (1200 mcm working gas) between July 

2011 and July 2014 served different consumer groups and were transferred to government 

appointed suppliers.  

Figure 25 Hungarian strategic storage stock change within the dedicated facility 

(MMBF) 

  

Figure 26 shows that withdrawal capacities reserved for long term (20 years) strategic needs 

were used commercially in high demand periods (on an interruptible basis although the risk of 

being interrupted was close to zero at that time). This secondary market of strategic 

withdrawal capacity offered cheap storage for some market players, while others had to use 

the commercial storage on a (high) regulated price.  
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Figure 26 Daily withdrawal capacity use of MMBF between 2010 July - 2012 November 

 

Fortunately so far there was no need for the release of the Hungarian strategic stocks, so the 

purported benefits cannot be elaborated upon. In the following section we use modelling to 

estimate the potential benefits of their release in a supply disruption scenario.  

3.4 MODELLING OF STRATEGIC STOCK RELEASE IN CASE OF A SUPPLY DISRUPTION 

In this section we model the impact of strategic storage on wholesale gas prices in new 

member states comparing different security of supply scenarios. Note two important features 

of the following modelling. First, the presented results are not forecasted values (prices), but 

price outcomes of controlled experiments. We get them by keeping all the model input 

variables unchanged except for infrastructure setting (with and without strategic storage sites) 

thus investigating the partial impact of changing infrastructure on gas wholesale prices. These 

results can best help the ranking of different policy options while the absolute values (prices) 

should be treated carefully. Second, the model is best suited to analyse the impacts of 

marginal changes in its input variables and the validity of its underlying assumptions (e.g. 

negative price flexibility of demand for almost all possible demand levels) might be too 

optimistic when analysing non-marginal supply shocks like Russian supply cuts. 

We start now modelling the effects of the two strategic storage sites that exist in Europe. Next 

to the Hungarian strategic storage in Szőreg we assume that the Latvian storage in Incukalns 

is also used for strategic aims
44

. The analysis is carried out by using the European Gas Market 

Model (EGMM) developed by REKK. In this modelling exercise we do not restrict strategic 

gas for national household purposes, but we assume that gas will flow to the countries where 

it is most needed (to the higher price) to the extent that transmission capacity allows 

(transmission tariffs and storage tariffs are taken into account in the model). 

We investigate four security of supply scenarios. First, we analyse what happens if 100% 

supply cut would occur, but only on Ukrainian pipelines. In this case we only release the 

Hungarian strategic stock because the Baltic States are not affected. Next we observed what 
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 We assume that this storage is filled up to 85 percent, which means that 20 TWh gas is available in a security 

of supply crisis.  
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would happen if all pipelines from Russia to the EU were cut up to 100%, a scenario in which 

the Latvian strategic storage would have to be released. In the case of both supply cut-offs we 

examine short-and long term scenarios; the short-term is represented by a supply cut of at 

least one month in January and the long-term cut in supplies lasts for a full year. Table 9 

below summarizes the results. 

Table 9 Wholesale price effects of strategic storages in each of the EU 12 countries and 

on average in EU 12 under different security of supply scenarios (%) 
  BG CZ EE FI HR HU LT LV PL RO SI SK EU12 

Supply 

cut on 

Ukrainian 

pipelines 

Short-

term 

scenario 

With 

strategic 

storage 

38 6 0 0 7 23 0 0 6 39 13 14 15 

Without 

strategic 

storage 

41 6 0 0 7 27 0 0 6 42 13 14 16 

Long-

term 

scenario 

With 

strategic 

storage 

137 13 0 0 26 156 5 0 12 141 28 26 53 

Without 

strategic 

storage 

138 13 0 0 26 162 5 0 12 142 28 26 54 

Supply 

cut on all 

pipelines 

from 

Russia 

Short-

term 

scenario 

With 

strategic 

storage 

41 18 38 441 7 26 84 2 32 42 18 18 30 

Without 

strategic 

storage 

42 19 70 441 7 31 84 30 38 43 19 19 33 

Long-

term 

scenario 

With 

strategic 

storage 

137 40 147 441 38 156 127 95 113 141 39 39 101 

Without 

strategic 

storage 

138 40 299 441 38 162 254 233 113 142 39 39 106 

Note: Table shows the increase of January prices (%) due to the supply cuts in the case of short-term scenarios 

and the increase of yearly average prices (%) in the case of long-term scenarios 

The upper part of Table 9 shows the impact of Hungarian strategic stock release in the case of 

a supply cut to Ukrainian pipelines. It can be seen that the effect is rather limited; the price 

increase due to the supply cuts falls slightly (by 1-5%) in Hungary, Romania and Bulgaria. 

Beyond EU 12 countries it also has positive impact in Serbia and Bosnia-Herzegovina. If the 

supply cut occurs on all pipelines from Russia to the EU Hungarian strategic storage has a 

similar impact, however in the short-term scenario the effect is more regionally widespread. 

As it is shown in Figure 27, beyond the abovementioned countries the price increase is 

slightly less in Czech Republic, Slovenia and Slovakia. Poland realizes greater benefits in this 

case because increased deliveries from Hungary to Ukraine dampens the price increase in 

Ukraine and also indirectly in Poland. 
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Figure 27 In the green boxes (%): Price increase in Europe due to a 100% supply cut in 

January on all pipelines from Russia to EU (with strategic storages in the right hand 

side and without strategic storages in the left hand side) 

  
 

*Coloring of the countries: grey for the countries that are not impacted by a Ukrainian transit disruption, red, 

where prices go up, the darker, the larger price increase occur. Blue arrows: LNG flows, white arrows: 

modelled gas flow on interconnectors, congested when colored; Grey boxes: outside market prices 

Latvian strategic storage – because of its higher capacity and the isolation of the Baltic gas 

market – has a more severe effect, but it is concentrated in Baltic countries only. In the short-

run scenario the gas stored in Latvian storage is able to compensate the missing Russian gas 

without significant price increase in Latvia, while it also would help Estonia up to the 

available transmission capacities (price increase drops from 70% to 38%). Lithuania cannot 

benefit from the gas in Latvian storage because of the congested interconnection capacities 

between Latvia and Lithuania. In the long-run security of supply scenario, Latvian storage 

will not prevent Baltic countries from a severe price increase but still has significant effect: 

the price increase drops from 233% to 95% in Latvia, from 254% to 127% in Lithuania and 

from 299% to 147% in Estonia. 

Modelling suggests strategic storage could bring some benefits in a supply crisis situation to 

some countries, but can’t alone solve the inherent vulnerability of the Eastern Member States. 

The effects are moderate in the case of the Hungarian strategic storage - even without the 

strategic storage Hungarian prices would not skyrocket. The situation is different in the case 

of the Latvian storage because Baltic States are isolated from the European market, but 

connecting these markets to Europe would change the situation completely. It is also 

important to note, that strategic storage is a very costly option, and hinders the emergence of 

commercial storage (flexibility) market development.  

It is also important to note that the assumed strategic storage stock is about 3 bcm; less than 

1% of the total EU natural gas consumption of 2013. However this seems a too small amount 

for Europe, it is about 5% of the yearly consumption of the most vulnerable countries (the 

new EU Member States plus Finland).
45
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 Total 2013 consumption of BG, HR, CZ, EE, FI, HU, LT, LV, PL, RO, SK, SI was 64.5 bcm. (Eurogas press 

release 2014.03.18) 
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We do not see any reason for assuming general strategic storage stocks in all EU countries, as 

Western European countries are much less effected in a gas supply crisis.  

Our conclusion is that strategic storage creates serious market distortion if not regulated in a 

very strict manner, and although it might serve isolated markets until they become better 

connected, it should not serve as a model for an interconnected European market.  

3.5 CONCLUSIONS AND POLICY RECOMMENDATION 

In the short-term, the threat of facing the upcoming winter with empty storage capacities due 

to the Russia-Ukraine crisis has been largely overcome. This has been achieved with 

transparency, close monitoring of preparedness for the winter by regulators and the Gas 

Coordination Group and public awareness of the issue.  

Whether these measures are enough to keep storages full in the long-run is still uncertain. 

Decision makers have to consider whether they intend to simulate with regulation the “crisis 

with a warning” situation that was witnessed in 2014, and put a pressure on suppliers to fill 

storage facilities to the brim in preparation for sudden crisis. In the long-term, other sources of 

flexibility and the reduction of gas consumption through energy efficiency will perhaps bring 

different results.  

The following policy recommendations are listed with the long-term storage challenges in 

mind: 

 Let the market forces do their job by refraining from imposing cross-border trade 

restrictions and price caps in crisis situations. Price spikes put heavy burden on gas 

customers but prove to be very effective to prevent crisis to burst into bloom/fully 

develop by offering strong incentive for market players to send gas to regions 

suffering shortages/supply gaps. 

 The liquidity, the flexibility and the vulnerability of markets are not homogenous, so 

no general rule can or should be established for refraining from interventions or 

imposing restrictions and obligations. Less developed markets with low liquidity and 

limited flexibility should not be exposed to the risk of market failures; interventions in 

“naturally” distorted markets may bring more benefits than harm.  

 Regulators should monitor capacity use in relevant gas storages and should be allowed 

to intervene when they deem necessary.  

 Create a regulatory framework for TSOs to take over control of the gas system 

(transmission and storage) in the case of an extreme event or severe supply shortfalls. 

The framework should set inter alia the rules for TSO liabilities vis-a-vis the owner of 

the gas. 

 “Insurance” value of storage is not priced into the decision of market participants, no 

matter how developed and liquid a market is.  

 Modelling suggests that additional storage stocks in existing facilities in adjacent 

markets could increase resilience to supply shocks in some member states. To allow 

for the emergence of regional storage market better coordination between the adjacent 

regulators over these issues is necessary with the involvement of market participants.  

 Guarantees for availability of storage and cross border transmission capacities in a 

crisis situation might need to be articulated. If storage obligation is imposed on traders 

and suppliers in any Member State, regulatory scrutiny concerning the effects of 

market distortion caused is needed, otherwise it can hinder the development of a 

commercially competitive storage market. 

 Strategic storage as a separated gas stock reserved for crisis situations does not distort 

the storage market as long as it is not offered to the market in the normal situation. Its 
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main drawback lies in the cost of gas and infrastructure rarely used; gas may cost 

several times as much as to store oil. It is always a risk, that gaming with strategic 

reserve on the market may be too strong a temptation for politicians. That would lead 

to an oversupply of storage service, further constraining the current commercial 

storage market. 

 Lastly, price competitiveness can be enhanced further by introducing bundled products 

that combine transport and storage. Regulated transmission tariffs could be redesigned 

to improve the business viability of gas storage. 
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4 FUEL SWITCHING AND DEMAND SIDE RESPONSE ANALYSIS 

4.1 INTRODUCTION 

The energy sector is considered a large consumer of natural gas – power and heat generating 

accounted for 4800 PJ, nearly 30% of EU-28 total gas consumption. Share of the energy 

sector in each country ranged between 11% and 65%, with an average of 35% of total gas 

consumption. This figure can be considered the theoretical maximum of total switching 

potential. 

Figure 28 Gas consumption of the energy sector in the EU-26, 2012 (Malta and Cyprus 

not included) 

 
Source: Eurostat 

Gas consumption of the EU-26 in the heat only plants increased from 220 PJ in 1990 to 360 

PJ in 2012. Although this is a 60% increase, the surge of gas-fired electricity and CHP 

production displayed an even stronger hike. From 2008, electricity-only production 

plummeted due to falling power prices and decreasing spark spread, which resulted in a 1000 

PJ drop in consumption from 2008 to 2012. CHP production did not decrease, most probably 

due to the heat sales of generation.  
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Figure 29 Natural gas consumption of electricity, CHP and heat only plants in the EU-26 

(excluding Malta and Cyprus)  

 
Source: Eurostat 

To decrease the natural gas consumption of electricity generation several options exist. In the 

following we list the possible options in short and in long term.  

 Short term (< 1 year) 

 Gas-to-coal switch in electricity sector 

 Gas-to-oil switch in electricity sector 

 Gas-to-oil switch in DH sector 

 Long term (until 2020) 

 Gas-to-coal switch in electricity sector 

 Gas-to-oil switch in electricity sector 

 Demand response 

In the following first we investigate the gas-to-coal switch possibilities, after that the 

possibilities to oil switch from natural gas. We also analyse the effect of demand response 

both in short term, and long-term.  

4.2 THE POSSIBILITY OF GAS-TO-COAL SWITCH 

To assess the fuel switching ability of the Member States, we listed the coal-fired fleet and the 

gas-fired capacities in Europe. Capacity data were obtained from REKK’s EEMM model
46

 

(which uses Platts’s Power Plants tracker figures and REKK’s data collection). Production 

figures were obtained from Eurostat’s databases, by estimating electricity production based on 

fuel consumption of the units.  
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 Detailed description of the EEMM electricity model can be found in the ANNEX or at  “Development and 

Application of a Methodology to Identify Projects of Energy Community Interest” - http://www.energy-

community.org/pls/portal/docs/2558181.PDF 

0

500

1 000

1 500

2 000

2 500

3 000

3 500
G

as
 c

o
n

su
m

p
p

ti
o

n
, P

J

Electricity

Heat only 
plants

CHP



52 

On EU-28 average, it is apparent that utilisation rate of gas-fired units has been steadily 

dropping since 2004. Several factors contributed to this decrease: strong interest to invest in 

CCGT power plants, increasing renewable production, stagnating electricity demand after 

2008, and falling spark spread after 2010. In 2012, utilisation was 22% on average in the EU-

28. In parallel, coal utilisation has been raising up to 50% in 2012 and replaced the more 

expensive gas-fired units.  

Figure 30 Utilisation rates of coal- and gas-fired power plants in EU-26 (Malta and 

Cyprus not included) 

 
Source: REKK estimation based on Eurostat, EEMM 

Generating electricity with coal burning - especially in the last few years - is cheaper than 

using natural gas. The following figure depicts the switching curve between the two 

technologies. The switching curve is demonstrated across different coal and natural gas 

prices, and those points situated along the curve represent an equal electricity generating cost 

between the two types of fuel. Those points which are above the line represent cases in which 

producing electricity is cheaper using natural gas. We also depict the historical price condition 

in Europe, which shows that coal has always been a cheaper option.  
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Figure 31 Switching curve in different coal and natural gas prices 

 
Source: REKK calculation

47
 

We have assessed the remaining potential of increasing power generation by coal fired units 

as well. In theory, installed coal capacities in the EU-26 (not including Malta and Cyprus) 

allowed for the production of 1650 TWh electricity, while gas-fired capacities would produce 

1956 TWh if they were running at every hour. It has to be noted that these figures are only 

theoretical value, because e.g. electricity generation based on gas-based CHPs cannot switch 

to coal-based generation. 
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 Main assumptions are the followings: 50% net efficiency in natural gas and 35% for coal-fired PPs, only fuel 

cost and CO2 costs are taken into account. 
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Figure 32 Gas-fired and coal-fired production compared to theoretical electricity 

generation 

 
Source: REKK calculation 

However, this is only a theoretical possibility. If the coal is cheaper how could it be possible 

that the average utilization rate of coal is “only” 50%, and similarly why is the natural gas 

utilization rate not driven to zero? There are three reasons behind this phenomenon: 

 In a low demand period renewable and nuclear production crowded out coal-based 

generation 

 Cogeneration production is based on natural gas 

 Cross-border capacity quantity is insufficient 

In the following figure we depict the German load curve and the electricity mix, how the 

demand is satisfied in different load patterns. According to the merit order curve the cheapest 

electricity generation option is renewable, because the marginal cost of renewables is almost 

zero, which is followed by cogeneration production and nuclear power generation. Only when 

all of these units are running at maximum available capacity will coal-fired generators 

produce electricity. You can see in the figure that in off-peak hours (left-side of the chart) the 

average utilization rate of coal-fired generation is around 40% (because of the crowding-out 

effect of renewable and nuclear production) and in peak hours it is still only about 80% on 

average. Thus there are only a few hours in which coal-fired capacities produce with the 

maximum available capacity. 
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Figure 33 Modelling results – Load curve and electricity mix in Germany in 2014 

 
Source: REKK calculation 

The other reason for only ~50% coal utilization rate is insufficient cross-border capacity. The 

average utilization of natural gas based electricity generation in Europe was around 22% in 

2012 (see Figure 30). At the same time coal utilization rate, e.g. in Germany, is far below 

100% even in the hours when the utilization rate of natural gas production in other countries 

is quite high. In order to demonstrate how important cross-border capacities are we model two 

situations. In the first, reference case we run the EEMM model with the present cross-border 

capacities. In the second case, we add a new cross-border line, which would connect Germany 

to Italy through Switzerland. The capacity of the new line is 5000 MW. In each case we 

calculate the utilization rates of coal-fired and natural-gas fired power plants in Europe. In 

Table 10 we summarize the main results of the modelling. 

Table 10 The effect of a new 5000 MW DE-CH-IT cross-border line on electricity price, 

coal and gas utilization rates 

 
Source: REKK calculation 

At first glance 5000 MW cross-border capacity is quite large, but on a European level it is not 

very unrealistic. It can be seen that this line has a very large impact both on electricity prices 
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and also on the utilization rates. The European weighted average coal utilization rate increases 

by 1.4%, while natural gas utilization decreases by 1.2%. As this example demonstrates, 

increasing cross-border interconnector capacities at the most congested borders could 

significantly decrease the natural gas usage in Europe. 

4.3 THE POSSIBILITY OF GAS-TO-OIL SWITCH  

Both in the short and long-term it is a viable option to burn oil instead of natural gas. The 

problem is that from a technical point of view not all of those power plants that presently use 

natural gas can easily switch to oil - not all of those power plants are equipped with oil firing 

capability. It depends on a variety of factors, including the date of commission, the 

technology and dual-fire capability varies across countries. For those power plants 

commissioned before the 1970s the average dual-fire capability in Europe is almost 90%, 

while for those commissioned in the 2000s it is below 30%. Power plants using steam turbine 

technology have dual-fire capability above 75% while gas turbines are below 35%. Finally in 

those countries where power plants have an obligation to reserve oil (Finland, Lithuania, 

Hungary, Greece and Ireland) this figure is significantly higher than the average value in 

Europe. In heat only plants the dual-fire capability is very high, around 80-90%. It means that 

around 300 PJ natural gas can be substituted by oil in this category.  

In the next figure we depict country-by-country the average capability of dual fire. As the 

following figure depicts the average switching rate potential in EU28 is 40.5%. We have to 

note that emissions are usually much higher when burning oil. In the longer term, oil fuelled 

operation can cause serious emission problems especially considering the high NOx emission. 

This problem usually occurs in those power plants that are situated in large cities. The other 

possible problem could be the oil supply to the power plants. Further investigation is required 

to determine if oil supply via existing infrastructure is sufficient enough to burn oil in the 

long-term, particularly examining whether the oil supply within a country can be enough to 

cover the power sector usage in case of natural gas disruption.  
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Figure 34 Dual-fire capability in EU26 and total installed capacity of natural gas fired 

power plants 

 
Source: PLATTS database 

Generating electricity on an oil basis is more expensive than using natural gas. In the 

following figure we demonstrate the switching curve. For those points which are above that 

line it is cheaper to generate electricity from natural gas, while below this curve producing 

electricity is more favourable using oil. In the last few years the crude oil price movement was 

between 90-110 USD/Barrel, while the average natural gas price in Western-Europe was 

between 7-10 €/GJ. In these ranges natural gas is cheaper than producing electricity from oil.  
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Figure 35 Switching curve in different oil and natural gas prices 

 
Source: REKK calculation

48
 

Using a European-wide electricity model – developed by REKK – we can investigate the 

effect of a natural gas disruption – when none of the European gas-fired power plants can use 

natural gas – on electricity prices.  

EEMM covers 36 countries with rich bottom-up representation, where all the EU 26 (Malta 

and Cyprus not included in the model) countries are modelled in full details, while those 

neighbouring countries that are important participants in the EU electricity markets are also 

modelled. The model simulates short-term market competition (e.g. day-ahead) based on 

SRMC (short-term marginal cost) of the generating units. The SRMC comprise of three main 

components: fuel costs, variable OPEX and costs of purchasing CO2 emission rights (in 

countries which are obliged to follow the emission trading scheme). Please note that the 

model simulations allow for qualitative assessment of the scenarios and help ranking of the 

available policy options. On the other hand, EEMM relies on simplifying assumptions that 

limit their ability to provide precise quantitative forecasts for price developments and product 

flows. 

The following two maps show the situations in two cases. The left one demonstrates the 

reference scenario, when no natural gas disruption has happened. In this case the weighted 

average price of wholesale electricity prices in the modelled region is 44.2 €/MWh. The other 

map shows the situation in which those power plants that can switch to this alternative fuel 

use light fuel oil instead of natural gas. It can be seen that countries depicted by red suffered a 

very significant electricity price increase. It is very important to note, that in none of the 

countries load curtailment is needed. The highest price increase is expected to happen in Italy 

(40%). The weighted average European wholesale price is 57.1 €/MWh, compared to the base 

case of 44.2 €/MWh (29% price increase). 
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 Main assumptions are the followings: 50% net efficiency in both technologies, only fuel cost and CO2 costs 

are taken into account.  
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Figure 36 Effect of a natural gas disruption on the wholesale electricity prices in 2014  

 
Source: REKK calculation 

Similar tendencies are visible in 2020, as the following maps show, but the price increase is 

much smaller. It could happen that the average demand increase is quite small, we predict that 

the total consumption growth is only 6% in the whole period. While the consumption is quite 

stable in this decade, new, RES-E based generators will enter this market. According to the 

National Renewable Action Plans, 163 GW (17% of the present total – not only RES-E based 

– installed capacities in Europe) of new capacity will be built in Europe. In case of natural gas 

disruption in 2020, the average price increase is expected to be 11.3 €/MWh (from 38.7 

€/MWh to 50.0 €/MWh). 

Figure 37 Effect of a natural gas disruption on the wholesale electricity prices in 2020 

 
Source: REKK calculation 

Base load prices 
(€/MWh) in 2014

54

59

44

64

35

64

4250

43

43

40

56

43

58

74

49

46

45

70

87

39

62

40

45
44

72

67

43

39

56

41

44

42

57

42

34

Base load prices 
(€/MWh) in 2014

49

45

39

46

34

48

3839

33

33

34

48

35

43

52

45

41

40

59

62

33

48

33

40
40

58

43

33

39

48

38

39

33

45

37

32

Base load prices 
(€/MWh) in 2020

39

44

37

41

35

43

3737

24

25

33

38

22

41

44

34

39

39

49

50

36

43

34

39
38

47

40

23

37

35

37

38

23

41

37

35

Base load prices 
(€/MWh) in 2020

44

57

41

58

36

62

4040

28

28

33

44

24

60

63

36

43

43

61

79

36

61

35

43
42

61

57

26

38

42

41

42

26

46

42

38



60 

4.3.1 The impact of stricter emission regulation in the EU 

Due to the strict emissions regulation in the EU, many power plants - especially those that use 

coal or fuel-oil - would have to be decommissioned by 2016. According to the Large 

Combustion Plant Directive (LCPD) power plants had three options: i) meet emission limits; 

ii) opt out through limited-life derogations (20,000 hours of operation between 1. January 

2008 and 31. December 2015); iii) close before 1. January 2008. Due to this regulation, many 

coal and oil-fired plants have already been decommissioned while close to 21 GWe capacity 

has chosen to opt out (those are still running in 2014). The following figure depicts the 

capacities which have to be shut down by 2015.  

Table 11 Capacities to be decommissioned by 2015 according to recent environmental 

rules 

 
Source: REKK calculation based on DG Environment data 

The following figure models the situation when these power plants do not have to be 

decommissioned by 2015. We depict the electricity price in four scenarios determined by two 

dimensions: with or without a natural gas disruption, and allowing the opted out power plants 

to operate at least up to 2020 or not.  

Coal Oil

BE 260 0

BG 410 0

DK 0 0

ES 320 81

FI 0 513

FR 3 635 450

GB 3 416 3 980

GR 250 70

IT 560 750

PL 3 048 0

PT 0 1 000

RO 840 528

SI 113 0

SK 552 220

Total 13 404 7 592
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Figure 38 Effect of the LCPD Directive on the wholesale electricity prices in different 

scenarios in 2020 

 
Source: REKK calculation 

Results show that a later decommissioning (extended lifetime) has only a limited effect on 

electricity prices, with the average price increase in the base case only 0.8 €/MWh, while in 

the case of natural gas disruption it is an increase of 3.3 €/MWh. However in some countries, 

especially in UK, the price effect is very significant and modelling of disruption/non-

disruption scenarios leads to a price difference of almost 10 €/MWh. 

4.3.2 Demand response 

Finally we investigate the effect of demand and examine two scenarios. In the first we analyse 

the effect of a 5%
49

 higher demand than in the reference case. This can be interpreted as the 

households switch from natural gas heating to electricity heating. The modelling results show 

that in a crisis situation the price goes even higher (68.5 €/MWh instead of 57.1 €/MWh), 

although in some countries the demand effect would raise the electricity price by 14 €/MWh.  

In the second case we analyse the effect of a lower electricity demand path, when the total 

electricity consumption is decreased by 5%
50

 in 2020. In a crisis situation the average EU 

price is 42.7 €/MWh, which is 7.3 €/MWh lower compared to the base case. 

4.4 SUMMARY AND POLICY RECOMMENDATIONS 

 Coal utilization was only 50% in 2012, but it cannot increase in the short run due 

to the current of structure of load patterns and insufficient cross-border capacity in 

the power system. 

                                                 
49

 It is only a rough figure, further analyses is needed to calculate this value.  
50

 This 5% energy efficiency comes from the Energy Saving Potentials database (http://www.eepotential.eu). We 

calculate with the Low policy intensity potential (LPI) for the EU27 between 2014-2020.  
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 Increasing cross-border capacity helps to decrease the European gas consumption 

and increase the gas to coal switch capability in the power sector. 

 Gas-to-oil switching capability in EU power plants is around 40% on average. 

Member States have to investigate the switch ability plant-by-plant, in the short 

and long term. Analysis should cover the following questions: is the power plant 

technically able to run by oil; is oil supply sufficient enough to burn in the long 

term; and is total oil supply in the country enough to cover the power sector usage 

in case of natural gas disruption.  

 Burning oil instead of natural gas can cause emission problems, especially in large 

cities. Further investigation is needed in this field.  

 In case of a total natural gas disruption no demand curtailment in the electricity 

sector is needed, however the base load prices increase by 13 €/MWh in 2014 and 

by 11 €/MWh in 2020. According to modelling results, Italy and the UK suffer the 

largest price increase. 

 The strict emission limits on large combustion plants leading to the closure of 

several coal fired plants has only a minor effect on electricity prices under normal 

conditions, when no replacement of natural gas is needed.  

 If households switch from natural gas heating to electricity heating in a crises 

situation, with the assumption of a 5% increase in the total electricity demand, this 

results in higher electricity prices but no electricity demand curtailment is needed. 

Still the price increase is dramatically, like in Italy where the baseload price 

increase to rises to more than 100 €/MWh. 

 Long-term energy efficiency in the electricity sector may help to decrease the 

negative price effect of a natural gas disruption through the reduction of electricity 

demand. 

 Those plants which produce only heat by natural gas can easily switch to fuel oil, 

where the average capability of dual fire is around 80-90%. It means that around 

300 PJ natural gas can be substituted by oil in this field. 
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5 ANNEX 1. DESCRIPTION OF THE MAIN FEATURES OF THE 

EUROPEAN GAS MARKET MODEL (EGMM) 

Figure 39 below shows the geographical scope of the model. Country codes denote the 

countries for which we have explicitly included the demand and supply side of the local 

market, as well as gas storages. Large external markets, such as Russia, Turkey, Libya, 

Algeria and LNG exporters are represented by exogenously assumed market prices, long-term 

supply contracts and physical connections to Europe.  

Figure 39 The geographical scope of the EGMM  

 
 

Given the input data, the model calculates a dynamic competitive market equilibrium for 35 

European countries, and returns the market clearing prices, along with the production, 

consumption and trading quantities, storage utilization decisions and long-term contract 

deliveries.  

Model calculations refer to 12 consecutive months, with a default setting of April-to-March.
51

 

Dynamic connections between months are introduced by the operation of gas storages (“you 

can only withdraw what you have injected previously”) and TOP constraints (minimum and 

maximum deliveries are calculated over the entire 12-month period, enabling contractual 

“make-up”). 

The European Gas Market Model consists of the following building blocks: (1) local demand; 

(2) local supply; (3) gas storages; (4) external markets and supply sources; (5) cross-border 

pipeline connections and LNG facilities; (6) long-term take-or-pay (TOP) contracts; and (7) 

spot trading. Each of them is described in detail below. 

5.1 LOCAL DEMAND 

Local consumption refers to the amount of gas consumed in each of the local markets in each 

month of the modeling year. It is, therefore, a quantity measure.
52

 Local demand, on the other 

                                                 
51

 The start of the modeling year can be set to any other month. 
52

 All quantities are measured in energy units within the model. 
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hand, is a functional relationship between the local market price and local consumption, 

similarly specified for each month of the modelling year. 

Local demand functions are downward sloping, meaning that higher prices decrease the 

amount of gas that consumers want to use in a given period. For simplicity, we use a linear 

functional form, the consequence of which is that every time the market price increases by 0.1 

€/MWh, local monthly consumption is reduced by equal quantities (as opposed to equal 

percentages, for example). 

The linearity and price responsiveness of local demand ensures that market clearing prices 

will always exist in the model. Regardless of how little supply there is in a local market, there 

will be a high enough price so that the quantity demanded will fall back to the level of 

quantity supplied, achieving market equilibrium. 

5.2  LOCAL SUPPLY 

Local production is a similar quantity measure as local consumption, so the corresponding 

counterpart to local demand is local supply. Local supply shows the relationship between the 

local market price and the amount of gas that local producers are willing to pump into the 

system at that price. 

In the model, each supply unit (company, field, or even well) has either a constant, or a 

linearly increasing marginal cost of production (measured in €/MWh). Supply units operate 

between minimum and maximum production constraints in each month, and an overall yearly 

maximum capacity.
53

 

Any number of supply units can be defined for each month and each local market. As a result, 

local supply will be represented by an increasing, stepwise linear function for which the 

number, size, and slope of steps can be chosen freely. 

5.3  GAS STORAGES 

Gas storages are capable of storing natural gas from one period to another, arbitraging away 

large market price differences across periods. Their effect on the system’s supply-demand 

balance can be positive or negative, depending on whether gas is withdrawn from, or injected 

into, the storage. Each local market can contain any number of storage units (companies or 

fields). 

Storage units have a constant marginal cost of injection and (separately) of withdrawal. In 

each month, there are upper limits on total injections and total withdrawals. There is no 

specific working gas fee, but the model contains a real interest rate for discounting the 

periods, which automatically ensures that foregone interest costs on working gas inventories 

are taken into account. 

There are three additional constraints on storage operation: (1) working gas capacity; (2) 

starting inventory level; and (3) year-end inventory level. Injections and withdrawals must be 

such during the year that working gas capacity is never exceeded, intra-year inventory levels 

never drop below zero, and year-end inventory levels are met. 

5.4  EXTERNAL MARKETS AND SUPPLY SOURCES 

 

                                                 
53

 Minimum production levels can be set to zero. If minimum levels are set too high, a market clearing 

equilibrium may require negative prices, but this practically never happens with realistic input data. 
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Prices for external markets and supply sources are set exogenously (i.e. as input data) for each 

month, and they are assumed not to be influenced by any supply-demand development in the 

local markets. In case of LNG the price is derived from the forecasted Japanese spot gas price, 

taking into account the cost of transportation to any possible LNG import terminal.  

As a consequence, the price levels set for outside markets are important determinants of their 

trading direction with Europe. When prices are set relatively low, European countries are 

more likely to import from the outside markets, and vice versa. 

5.5  CROSS-BORDER PIPELINES 

Any two markets (local or outside) can be connected by any number of pipelines or LNG 

routes, which allow the transportation of natural gas from one market to the other. 

Connections between geographically non-neighboring countries are also possible, which 

corresponds to the presence of dedicated transit routes. 

Cross-border linkages are directional, but physical reverse flow can easily be allowed for by 

adding a parallel connection that “points” into the other direction. Each linkage has a 

minimum and a maximum monthly transmission capacity, as well as a proportional 

transmission fee. 

Virtual reverse flow (“backhaul”) on unidirectional pipelines or LNG routes can also be 

allowed, or forbidden, separately for each connection and each month. The rationale for 

virtual reverse flow is the possibility to trade “against” the delivery of long-term take-or-pay 

contracts, by exploiting the fact that reducing a pre-arranged gas flow in the physical direction 

is the same commercial transaction as selling gas in the reverse direction. 

Additional upper constraints can be placed on the sum of physical flows (or spot trading 

activity) of selected connections. This option is used, for example, to limit imports through 

LNG terminals, without specifying the source of the LNG shipment. 

5.6  LNG INFRASTRUCTURE 

LNG infrastructure in the model consist of LNG liquefaction plants of exporting countries, 

LNG regasification plants of importing countries and the “virtual pipelines” connecting them. 

“Virtual pipelines” are needed to define for each possible transport route a specific transport 

price. LNG terminals capacity is aggregated for each country, which differs from the pipeline 

setup, where capacity constraints are set for all individual pipeline. LNG capacity constraints 

are set as a limit for the set of “virtual pipelines” pointing from all exporting countries to a 

given importing country, and as a limit on the set of pipelines pointing from all importing 

countries to a given exporting country.  

5.7  LONG-TERM TAKE-OR-PAY (TOP) CONTRACTS 

A take-or-pay contract is an agreement between an outside supply source and a local market 

concerning the delivery of natural gas into the latter. The structure of a TOP contract is the 

following.  

Each contract has monthly and yearly minimum and maximum quantities, a delivery price, 

and a monthly proportional TOP-violation penalty. Maximum quantities (monthly or yearly) 

cannot be breached, and neither can the yearly minimum quantity. Deliveries can be reduced 

below the monthly minimum, in which case the monthly proportional TOP-violation penalty 

must be paid for the gas that was not delivered.  

Any number of TOP-contracts can be in force between any two source and destination 

markets. Monthly TOP-limits, prices, and penalties can be changed from one month to the 
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next. Contract prices can be given exogenously, indexed to internal market prices, or set to a 

combination of the two options. 

The delivery routes (the set of pipelines from source to destination) must be specified as input 

data for each contract. It is possible to divide the delivered quantities among several parallel 

routes in pre-determined proportions, and routes can also be changed from one month to the 

next. 

5.8  SPOT TRADING 

 

The final building block, spot trade, serves to arbitrage price differences across markets that 

are connected with a pipeline or an LNG route. Typically, if the price on the source-side of 

the connection exceeds the price on the destination-side by more than the proportional 

transmission fee, then spot trading will occur towards the high-priced market. Spot trading 

continues until either (1) the price difference drops to the level of the transmission fee, or (2) 

the physical capacity of the connection is reached. 

Physical flows on pipelines and LNG routes equal the sum of long-term deliveries and spot 

trading. When virtual reverse flow is allowed, spot trading can become “negative” (backhaul), 

meaning that transactions go against the predominant contractual flow. Of course, backhaul 

can never exceed the contractual flow of the connection. 

5.9  EQUILIBRIUM 

The European Gas Market Model algorithm reads the input data and searches for the 

simultaneous supply-demand equilibrium (including storage stock changes and net imports) 

of all local markets in all months, respecting all the constraints detailed above.  

In short, the equilibrium state (the “result”) of the model can be described by a simple no-

arbitrage condition across space and time.
54

 However, it is instructive to spell out this 

condition in terms of the behavior of market participants: consumers, producers and traders.
55

 

Local consumers decide about gas utilization based on the market price. This decision is 

governed entirely by the local demand functions we introduced earlier. 

Local producers decide about their gas production level in the following way: if market prices 

in their country of operation are higher than unit production costs, then they produce gas at 

full capacity. If prices fall below costs, then production is cut back to the minimum level 

(possibly zero). Finally, if prices and costs are exactly equal, then producers choose some 

amount between the minimum and maximum levels, which is actually determined in a way to 

match the local demand for gas in that month. 

Traders in the model are the ones performing the most complex optimization procedures. 

First, they decide about long-term contract deliveries in each month, based on contractual 

constraints (prices, TOP quantities, penalties) and local supply-demand conditions.  

                                                 
54

 There is one, rather subtle, type of arbitrage which is treated as an externality, and hence not eliminated in the 

model. We assume that whenever long-term TOP contracts are (fully or partially) linked to an internal market 

price (such as the spot price in the Netherlands), the actors influencing that spot price have no regard to the effect 

of their behavior on the pricing of the TOP contract. In particular, reference market prices are not distorted 

downwards in order to cut the cost of long-term gas supplies from outside countries. 
55

 We leave out storage operators, since injection and withdrawal fees are set exogenously, and stock changes are 

determined by traders. 
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Second, traders also utilize storages to arbitrage price differences across months. For example, 

if market prices in January are relatively high, then they withdraw gas from storage in January 

and inject it back in a later month in such a way as to maximize the difference between the 

selling and the buying price. As long as there is available withdrawal, injection and working 

gas capacity, as well as price differences between months exceeding the sum of injection 

costs, withdrawal costs, and the foregone interest, the arbitrage opportunity will be present 

and traders will exploit it.
56,57

 

Finally, traders also perform spot transactions, based on prices in each local and outside 

market and the available cross-border transmission capacities to and from those markets, 

including countries such as Russia, Turkey, Libya, Algeria or LNG markets, which are not 

explicitly included. 

Table 9 Summary of modelling input parameters and data sources 

Category  Data Unit Source 

Consumption  

Annual Quantity 

Monthly distribution (% of annual 

quantity) 

Energy Community data,  

Eurostat, ENTSO-G 

Production  Minimum and maximum production 
Energy Community data,  

ENTSO-G 

Pipeline 

infrastructures 
Daily maximum flow 

GIE, ENTSO-G, 

Energy Community data 

Storage 

infrastructures 

Injection, withdrawal, 

working gas capacity 
GSE 

LNG infrastructures Capacity GLE, GIIGNL 

TOP contracts 

Yearly minimum maximum quantity 

Seasonal minimum and maximum 

quantity 

Gazprom, National Regulators 

Annual reports, Platts, 

Cedigaz 

Transmission and 

storage tariffs 
€/MWh 

REKK collection from TSO 

and SSO websites 

 

  

                                                 
56

 Traders also have to make sure that storages are filled up to their pre-specified closing level at the end of the 

year, since we do not allow for year-to-year stock changes in the model. 
57

 A similar intertemporal arbitrage can also be performed in markets without available storage capacity, as long 

as there are direct or indirect cross-border links to countries with gas storage capability. In this sense, flexibility 

services are truly international in the simulation. 
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6 ANNEX 2. DESCRIPTION OF THE MAIN FEATURES OF THE 

EUROPEAN ELECTRICITY MARKET MODEL (EEMM) 

The European Electricity Market Model (EEMM) simulates the operation of a European 

electricity wholesale market in a stylized manner. This section describes the economic 

principles that govern the simulation. 

6.1 ANALYSED COUNTRIES 

In the figure below it can be seen, which countries are involved in our analyses. We divided 

the analysed countries into two groups: in those countries, which are indicated with an orange 

background, prices are derived from the demand-supply balance. In the other group of 

countries indicated with a light blue background, the prices are given, we assume exogenous 

prices.  

Figure 40 Analysed countries 

 

6.2 MARKET PARTICIPANTS 

There are three types of market participants in the model: producers, consumers, and traders. 

All of them behave in a price-taking manner: they take the prevailing market price as given, 

and assume that whatever action they decide upon has a negligible effect on this price. 

Producers are the owners and operators of power plants. Each plant has a specific marginal 

cost of production, which is constant at the unit level. In addition, generation is capacity 

constrained at the level of available capacity.  
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The model only takes into account short term variable costs with the following four main 

components: fuel costs, variable OPEX, excise tax and CO2 costs (where applicable). As a 

result, the approach is best viewed as a simulation of short term (e.g. day-ahead) market 

competition. 

Price-taking producer behaviour implies that whenever the market price is above the marginal 

generation cost of a unit, the unit is operated at full available capacity. If the price is below 

the marginal cost, there is no production at all, and if the marginal cost and the market price 

coincide, then the level of production is determined by the market clearing condition (supply 

must equal demand). 

Consumers are represented in the model in an aggregated way by price-sensitive demand 

curves. In each demand period, there is an inverse relationship between the market price and 

the quantity consumed: the higher the price, the lower the consumption. This relationship is 

approximated by a downward sloping linear function. 

Finally, traders connect the production and consumption sides of a market, export electricity 

to more expensive countries and import it from cheaper ones. Cross-border trade takes place 

on capacity constrained interconnectors between neighbouring countries. Electricity 

exchanges always occur from a less expensive country to a more expensive one, until one of 

two things happen: either (1) prices, net of direct transmission costs or export tariffs, equalize 

across the two markets, or (2) the transmission capacity of the interconnector is reached. In 

the second case, a considerable price difference may remain between the two markets. 

6.3 TRADING WITH COUNTRIES OUTSIDE THE MODELLED REGION 

The model only simulates the supply-demand characteristics of the European region. 

However, trade still takes place at the region’s borders, e.g. with Turkey or Moldova. Our 

assumptions regarding the cross-border trade with countries outside the modelled region is 

that prices in these countries are exogenously given and not influenced by the amount, or 

direction of the cross-border transactions. 

6.4 EQUILIBRIUM 

The model calculates the simultaneous equilibrium allocation in all markets with the 

following properties: 

 Producers maximize their short term profits given the prevailing market prices. 

 Total domestic consumption is given by the aggregate electricity demand function in 

each country. 

 Electricity transactions (export and import) occur between neighbouring countries 

until market prices are equalized or transmission capacity is exhausted. 

 Energy produced and imported is in balance with energy consumed and exported. 

Given our assumptions about demand and supply, market equilibrium always exists and is 

unique in the model. 

6.5 ELECTRICITY PRODUCT PRICES 

The calculated market equilibrium is a static one: it only describes situations with the same 

demand, supply, and transmission characteristics. However, these market features are 

constantly in motion. As a result, short run equilibrium prices are changing as well. 
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To simulate the price development of more complex electricity products, such as those for 

base load or a peak load delivery, we perform several model runs with typical market 

parameters and take the weighted average of the resulting short term prices. 

6.6 OPERATION OF THE MODEL 

The short run marginal cost can be calculated for each power plant. Production is constrained 

by capacity, equal to the installed capacity of each power plant unit. Within the electricity 

sector we distinguish 12 different technologies: biomass fired power plants, coal fired plants, 

lignite fired plants, geothermal plans, heavy fuel oil fired plants, light fuel oil fired plants, 

hydropower plants, wind power plants, solar power plants, nuclear plants, natural gas fired 

plants and tidal power plants. The model makes use of only the short run variable costs: fuel 

cost, variable operating cost, including the excise tax, and carbon-dioxide costs (in case they 

exist). Consumers in the model are aggregated as a category, the slope of the demand curve is 

the same for all countries. 

Within the model a country appears as a node, that is, there are not any network constraints 

within the country, only between countries. The cross border capacities linking the countries 

are constrained, approximated with available capacities in the model. Traders make the 

connection between the producer and consumer side of the market by exporting electricity to 

more expensive countries and importing electricity from less expensive ones. 

When modelling hourly markets are simulated, and these simulations are independent from 

each other, that is, ramp-up costs are excluded. Within the model the equilibrium for a given 

hour (with respect to quantities and prices) is reached simultaneously, at the same time by the 

producer and transmission segments. The following figure describes the operation of the 

model. 

Figure 41 The operation of the model 

 

By determining the short run marginal cost and available capacity for each power plant we 

can construct the supply curve for each country, in other words, the merit order curve. 

Considering the constraints of cross border capacities and the demand curves characterising 

each country, we arrive at the input parameters of the model. The model applies this data to 

maximise European welfare, which is the sum of producer and consumer surpluses. As a 

result of model computations we get the hourly equilibrium price for each country, the hourly 

commercial transfers between the countries, and the production of each power plant unit. 
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