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Executive summary 

 

1 Introduction 

WP5 summary 

This report describes all model adaptation, extensions and linkages for the infrastructure-oriented models. The 

perspective of the different infrastructure models is used to structure the complex interaction between these 

models. The classification of models managed throughout the project is also used to structure this report. The 

aim of all model adaptations and extensions is to create a comprehensive modelling framework with well-

defined linkages that can be used in the case studies and the pathway analysis. 

2 Methodology 

In WP6, different kinds of models are articulated with the goal of getting a comprehensive perspective on the 

infrastructure side of the energy system. System-optimization models are widely used in strategic energy sector 

analysis. These models try to determine the dispatch and investment of generation units and infrastructures. 

System optimization models used in SET-Nav are Enertile and EMPIRE. Transmission-grid models assess the 

physical feasibility of grid operation and the detailed physical extensions of the grid. TEPES is the transmission 

grid model that is used in SET-Nav. Gas supply models assess the gas network, storages and markets. Due to 

its low carbon content, gas can be an important fuel on an emission reduction pathway for the energy system. 

Ramona, with a focus on gas infrastructure and EGMM, with a focus on gas markets, are used in SET-Nav. CCS 

models assess needs for CCS infrastructure in the system. The CCS model in this WP is CCTS MOD. The demand 

perspective analysed using FORECAST, which focuses on the demand in the industry sector. 

These very different models are connected to provide strategic insights, focusing on three case studies that 

develop specific themes: 

- Case study 6.2: “Decentralised vs. centralised development of the electricity sector – impact on the 

transmission grid” 

- Case study 6.3: “Projects of Common Interest and gas producer pricing strategy” 

- Case study 6.4 “The Role for Carbon Capture, Transport and Storage in the Future Energy Mix” 

The case studies are able to benefit from the different areas that each model covers, being able to offer strategic 

insights on these issues. 

 

This report describes all model adaptation, extensions and linkages for the infrastructure-oriented models. The 

perspective of the different infrastructure models is used to structure the complex interaction between these 

models. The classification of models managed throughout the project is also used to structure this report. The 

aim of all model adaptations and extensions is to create a comprehensive modelling framework with well-

defined linkages that can be used in the case studies and the pathway analysis. 

2.1 Coupling of models involved in WP6 

WP6 involves the use of very different models that, together, provide a comprehensive perspective on the 

infrastructure side of the energy sector. In particular, network infrastructure links supply and demand and, as 

such, receives special attention in this WP. The power transmission grid, as well as the natural gas network, are 

specific objects of study. The multiplicity of models that are needed in order to carry out these analyses needs 

to be used jointly with the upmost care. This section describes the model coupling developed in the different 

case studies of this WP. 
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2.2 Model coupling and data exchange concept in case study 6.2: “Decentralised vs. centralised 

development of the electricity sector – impact on the transmission grid” 

Case study 6.2 studies the impact of different strategies for the deployment of renewable energy – namely, a 

centralized and a decentralized case. 

Enertile is used to calculate the expansion of generation in accordance to the renewable production targets and 

resource potentials. This expansion includes a first approximation of the transmission expansion investment 

that would be necessary to accommodate the new generation in the system. 

Then, TEPES is used to calculate a more detailed expansion plan for the power transmission network. With the 

latter tool, we can take into account the specific reality of the power grid in a more accurate way. That is, TEPES 

includes a detailed description of the power network instead of the simplified model included in Enertile. The 

more accurate expansion plan is translated into transmission costs and specific investment options that are fed 

back to Enertile for the next run of analyses. 

The final results of the two scenarios (decentralised and centralised) are compared in terms of grid costs, energy 

generation mix, fuel consumption and emission costs. 

The illustration below shows a summary of these data exchanges between the two models. 
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Figure 1. Data Exchange overview for case study 6.2. 

 

2.3 Model coupling and data exchange concept in case study 6.3: “Projects of Common Interest and gas 

producer pricing strategy” 

The selection of PCI will be assessed using REKK’s EGMM, which will use the outputs from model RAMONA 

regarding costs and investments on the Norwegian continental shelf. Although the two models analyse 

different aspects of the natural gas sector, some inputs are to be considered common. It is important to identify 

and harmonise these inputs as much as possible. The following chapters pinpoint the common data used by the 

two models and introduce the data to be exchanged between the models. Note that data exchange will occur 

only between these models and not with other electricity models within case study 6.3. 

The modelling can incorporate the interaction of two gas models, EGMM and RAMONA.1 

RAMONA is an infrastructure investment optimisation model that can be run in two modes: 1) In the first version 

it models the Norwegian offshore pipeline system for gas export. 2) In the second version it incorporates the 

demand function of 40 country nodes assuming as input a stochastic demand function. In this case it looks at 

investments in pipelines for import/export between countries and operation of these. In both versions, 

RAMONA optimizes social welfare. 

EGMM is a natural gas market model covering 35 European countries, optimising social welfare in the modelled 

region. Interaction of the two models is limited, but possible: natural gas production costs produced as outputs, 

and infrastructure development of Norwegian pipelines modelled by RAMONA may be fed into EGMM. The first 

figure shows the interaction between RAMONA and EGMM, in the mode where RAMONA is only used for 

investments in the export system of Norway. 

 

Figure 2. Data exchanges in case study 6.3. 

 

                                                                    

1 On the long term, there is the possibility of incorporating NTNU’s EMPIRE model in the exercise as well. Currently EMPIRE 
is not able to model gas markets, but an expansion with onshore natural gas networks is planned within the framework of 
the SET-Nav project. 
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Figure 2 below shows the possibility of feeding the price and demand figures produced as outputs by EGMM to 

RAMONA. In this modus the European version of RAMONA with 40 demand nodes will be used, creating a loop 

between the two models. 

 

Figure 3. Data exchanges in case study 6.3. 

 

Name/Descriptor Data Type from model into model advised unit 

Natural gas price A EGMM RAMONA €/MWh 
Natural gas consumption A EGMM RAMONA TWh 
Norway production cost A RAMONA EGMM €/MWh 
Norway infrastructure A RAMONA EGMM GWh/d 

 

2.4 Model coupling and data exchange concept in case study 6.4: “The Role for Carbon Capture, Transport 

and Storage in the Future Energy Mix” 

The main objective of this case study is a detailed assessment of Carbon Capture, Transport and Storage is to 

examine the role of the technology in the electricity and the industrial sector in a future European energy 

system. This case study puts emphasis on the fact that the technology requires a complicated transport and 

disposal chain for the CO2. It sheds light on the CCS infrastructure needs for Europe and how these are 

influenced by the degree of technology deployment, storage availability and cooperation and coordination. 

In the case study, the existing bottom-up model CCTSMOD will be linked to the FORECAST-Industry model and 

to the electricity market model EMPIRE (link to case study 5.3). CCTSMOD is based on a disaggregated 

(location-sharp) representation of emissions from power generation and emission-intensive industrial 

processes, as well as potential CO2 storage sites. CO2 routing is simulated on a cost minimizing basis taking 

economies of scale in CO2 pipelines into account. Investment decision into CO2 capture infrastructure is based 

on an arbitrage between respective investment and variable costs on the one hand and cost of CO2 certificates 

on the other hand. 

Moreover, this case study investigates how the electricity dispatch with CCS is different from scenarios without 

CCS. The regionally disaggregated dispatch pattern obtained from the EMPIRE model will be fed into the power 

grid model TEPES in order to check for the feasibility of the associated electricity flows. 

The data exchange concept illustrated in Figure 2.1 describes the data flows between the models for the case 

study role of Carbon Capture, Transport and Storage in the future energy mix. General assumptions as interest 

rates and overall input data that are only relevant for one model are not managed within the data exchange 

EGMM

RAMONA

Demand, 
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Analysis
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between models. It is necessary to keep these assumptions consistent within each case study of WP6, and to 

reach a certain degree of consistency between case studies in the project. 

 

Figure 4. Data exchange overview for case study 6.4. 

 

2.5 Model coupling and data exchange concept beyond WP6 

2.5.1 Linkages to WP5: demand side 

There is a significant overlap between case study 6.4 “The role for carbon capture, transport and storage in the 

future energy mix” and case study 5.3 “The contribution of innovative technologies to decarbonise industrial 

process heat”. Both case studies use (almost) the same model interlinkage setup, however the focus of the 

analyses is different. 

2.5.2 Linkages to WP7: supply side 

Case study 6.2, “Decentralised vs. centralised development of the electricity sector – impact on the transmission 

grid” has a very strong connection with supply models, given that it is based on analysing the impact of two 

different generation scenarios. For this reason, it appears too in WP7. 

2.5.3 Linkages to WP8: macro 

This WP does not feed data into the macro models that appear in SET NAV. However, it uses macroeconomic 

data in the definition of the scenarios it considers. 

2.5.4 Linkages to WP9: comparative assessments: technology/policy options and pathways 

The results of the case studies in this WP will be taken into account in the integration of insights that will be 

carried out in the pathway studies. 

2.6 Classification of infrastructure models 

System-optimization models are widely used in strategic energy sector analysis. These models try to determine 

the dispatch and investment of generation units and infrastructures. The system optimization models used in 

SET-Nav are Enertile and EMPIRE. 
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Transmission-grid models assess the physical feasibility of grid operation and the detailed physical extensions 

of the grid. TEPES is the transmission grid model that is used in SET-Nav. 

Gas supply models assess the gas networks, gas storages and gas markets. Due to its low carbon content, gas 

can be an important fuel on an emission-reduction pathway for the energy system. RAMONA, with a focus on 

gas infrastructure and EGMM, with a focus on gas markets, are used in SET-Nav. 

CCS models assess needs for CCS infrastructure in the system. The CCS model in this WP is CCTS MOD. 

The demand perspective is analysed using FORECAST, which focuses on the demand in the industry sector. 

 

Table 1. Overview of infrastructure models in WP6 

Perspective Models  

System optimization Enertile Empire 

Transmission grid TEPES  

Gas supply Ramona EGMM 

CCS CCTS MOD  

Demand FORECAST-Industry Demand 

 

The models are described in more detail in the following sections. 

3 Case study summary 

3.1 Centralized vs. Decentralized 

The central goal of this case study is to analyse the impact of centralized and decentralized electricity supply on 

the electricity grid. The case study is carried out by computational optimization of the electricity sector in the 

year 2050. Instead of leaving the system to plan the system entirely, two different situations are imposed: 

• The decentralized case study imposes a certain share of demand to be served with decentralized 

renewables. 

• The centralized case imposes a certain share of demand to be served with centralized renewables. 

For each of these two situations, the rest of the system is optimized: that is, the condition is imposed on only 

one technology, and the rest of the technologies are expanded according to the model. 

The following subsections describe the boundary conditions imposed and the cost assumptions used 

respectively. All other assumptions are held equally for both scenarios. 

3.1.1 Boundaries for generation expansion: offshore wind and rooftop PV 

The technology of PV on buildings is a good example for decentralized electricity supply as it is close to 

electricity demand. Therefore, we decided to create a decentralized scenario by enforcing a share of 25-30% 

electricity supply generated by rooftop PV in those countries with enough potential for this technology. Since 

Enertile allows for a very high spatial resolution for the modelling of renewables, the big cities with high demand 

and high concentration of PV can be identified. This adds up to 961 GW of rooftop PV installed in Europe. 

Table 2. Minimum capacity enforced for rooftop PV in the centralized scenario 

Region Minimum capacity in GW Region Minimum capacity in GW 

AL_ZN 1.7 HU_ZN 12.0 

AT_ZN 13.2 IE_ZN 9.4 

BE_ZN 30.2 IT_N_ZN 53.0 

BG_ZN 7.1 IT_S_ZN 28.4 
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BI_ZN 3.3 LT_ZN 2.8 

CH_ZN 15.1 LU_ZN 1.0 

CY_ZN 1.4 LV_ZN 2.5 

CZ_ZN 21.9 ME_ZN 1.2 

DE_N_ZN 121.4 MK_ZN 2.6 

DE_S_ZN 42.3 MT_ZN 0.0 

DK_ZN 11.4 NL_ZN 36.0 

EE_ZN 2.9 NO_ZN 45.2 

ES_ZN 58.2 PL_ZN 57.8 
FI_ZN 28.0 PT_ZN 10.2 

FR_N_ZN 98.7 RO_ZN 12.5 

FR_S_ZN 18.4 RS_ZN 12.1 

GB_N_ZN 11.1 SE_N_ZN 3.8 

GB_S_ZN 115.2 SE_S_ZN 40.0 

GR_ZN 11.3 SI_ZN 4.4 

HR_ZN 4.2 SK_ZN 9.4 

 

In the scenario with centralized electricity supply, ca. 117 GW of offshore wind capacity is enforced in Central 

Northern Europe, which leads to serving around 25% of demand using this technology. As the cost-optimization 

procedure tends to build considerable amounts of onshore wind generation facitilies close to the coastlines, the 

combination with the enforced offshore wind capacities leads to a high concentration of wind generation 

capacities in Central Northern Europe. 

Table 3. Enforced offshore capacity in the centralized scenario 

Region Minimum capacity in GW Region Minimum capacity in GW 

AL_ZN 0 HU_ZN 0 

AT_ZN 0 IE_ZN 2.1 

BE_ZN 1 IT_N_ZN 0 

BG_ZN 0 IT_S_ZN 0 

BI_ZN 0 LT_ZN 0.7 

CH_ZN 0 LU_ZN 0 

CY_ZN 0 LV_ZN 0.6 

CZ_ZN 0 ME_ZN 0 
DE_N_ZN 30 MK_ZN 0 

DE_S_ZN 0 MT_ZN 0 

DK_ZN 2.8 NL_ZN 8 

EE_ZN 0.6 NO_ZN 9.25 

ES_ZN 0 PL_ZN 5 

FI_ZN 0 PT_ZN 0 

FR_N_ZN 20 RO_ZN 0 

FR_S_ZN 0 RS_ZN 0 

GB_N_ZN 2.3 SE_N_ZN 0 

GB_S_ZN 25 SE_S_ZN 9.5 

GR_ZN 0 SI_ZN 0 

HR_ZN 0 SK_ZN 0 

 
These situations have been considered sufficiently different to constitute our two boundary conditions, but 

sensible enough so that their results were not affected by any foreseeable distortion. The real path taken by the 

expansion should be expected to fall between these two situations. It should be noted that we chose offshore 

wind and rooftop PV as the main varying technologies in this case-study due to their inherent characteristics. 

Rooftop PV is the leading distributed generation technology and can be attractive for sizes as small as a single 

building. Offshore wind, on the contrary, is the renewable technology with the highest economies of scale; it 
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does not make economic sense to build small plants with current technology –the focus is on increasingly large 

projects which could even join neighbouring states in a common venture. Therefore, our two scenarios 

correspond to two extreme versions of the expansion of renewables. They should not be considered high-

probability paths: on the contrary, they bound what we can expect to happen in the future development of the 

system. 

3.1.2 Results 

This section provides results on the expansion and operation of the European power system in the centralized 

and decentralized RES deployment scenarios that have been described in section 3. Afterwards, based on this, 

we draw some conclusions on the impact that the strategy adopted for the development and deployment of 

RES generation may have on the required investments within the European power system and the associated 

operation costs. 

3.1.2.1 Two very different ways of achieving Europe’s decarbonization goals: optimal constrained 

generation expansion 

The following table shows the results for the calculated electricity system in Enertile, for the two scenarios. Grey 

values are part of the scenario definition and therefore enforced results of the model. Blue values are results of 

the optimization process. 

Table 4. Installed capacities and generation in the electricity system based on Enertile calculations (fully 
optimized values (blue), enforced result (grey)) 

 Centralized scenario Decentralized scenario 

 Capacity (GW) 
Generation 

(TWh) 
Capacity (GW) 

Generation 
(TWh) 

Gas 108 33.4 98 53.4 

Hardcoal 0.3 2.0 0.3 2.0 

Nuclear 61 372 61 344 

Biomass 58 252 58 252 

CSP 65 244 54 207 

Rooftop PV 8 11.5 961 1003 

Utility scale PV 335 442 5 8.7 

Wind offshore 117 512 0 0 

Wind onshore 380 1516 398 1585 

Storages 69 -14.5 121 -43.7 

 

The decentralized scenario requires higher investments in storage. The installed capacity reaches 121 GW in the 

decentralized scenario and 69 GW in the centralized scenario. The difference in storage losses 14.5 TWh 

(centralized) and 43.7 TWh (decentralized) is even higher as the load profile of large amounts of PV leads to high 

utilisation of storages. Another major difference between both scenarios is the investment in utility scale PV. 

Because the decentralized scenario is already characterized by a high level of rooftop PV only 5 GW of utility 

scale PV are built. In the centralized scenario 335 GW of utility scale PV are built since it is cheaper than rooftop 

PV. In contrast to PV the installed capacity of wind onshore is relatively constant reaching 380 GW in the 

centralized scenario and 398 GW in the decentralized scenario. In both scenarios, it is the dominant generation 

technology reaching more than 1500 TWh of generation. 

The offshore wind and rooftop PV capacity of the scenarios, as well as their complete generation mix, is 

presented in the figures below. 
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Figure 5. Installed Capacity of offshore wind in the centralized scenario. 

 

 

Figure 6. Installed Capacity of rooftop PV in the decentralized scenario. 
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Figure 7. Generation mix in the centralized scenario. 

 

 

Figure 8. Generation mix in the decentralized scenario. 
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Again, it should be noted that Enertile optimizes the expansion of renewables given the boundary conditions 

imposed – the specific placement of the generation capacity is selected based on economic efficiency, which is 

mainly determined by the abundance of the generation resource, solar or wind, and its cost. 

3.1.2.2 A centralized development of renewables is more efficient 

Our analysis shows that a centralized development of renewables is more efficient than a decentralized one. As 

can be seen, the main difference in cost is due to the diverging cost of renewables, with the centralized option 

taking advantage of the economies of scale present in offshore wind. Distributed renewables also have a higher 

need for investment in storage. Although the centralized case has a higher need for transmission, this is more 

than compensated by more intensive investments in distribution and a more expensive operation, which is 

mainly due to a slightly more intensive use of gas plants. The specific costs are presented below, expressed in 

million €. In the case of variable operation costs, these are annual figures. Network transmission and distribution 

investment costs are annualized figures, i.e. those corresponding to the fraction of the overall investment costs 

allocated, for accounting purposes, to each year throughout the useful life of these assets. In the case of 

distribution, we are not providing an estimate of the overall network investment costs. These result from the 

joint development of generation and demand at distribution level, while here we are only providing an estimate 

of the costs associated with generation. The cost of the investments in the distribution network necessary to 

integrate distributed generation has been estimated making use of the results of previous projects2. 

 

Figure 9. Cost analysis – decentralized vs. centralized scenario. 

                                                                    

2 The DG-driven cost estimated that has been used in this issue paper was calculated from the amount of 

rooftop PV generation installed in each scenario as a proxy for distributed generation, multiplied by a 

median cost of 10 €/kW. We have based our estimate of the average per unit distribution network cost of 

integration of DG on the results, in this regard, produced in several previous research projects and studies. 

These include the IMPROGRES project (Cossent et al. 2010; Cossent et al 2011), the MIT Future of Solar 

project (MIT 2015), and OFGEM’s Electricity Distribution Price Control Reviews (DPCR) (OFGEM 2004, 

2009). 

It should be noted, however, that depending on the characteristics of the specific zone the cost can vary 

from needing virtually no investment to a very high cost of up to 80€/kW. In order to refine the cost 

estimation carried out in this issue paper, extensive work would be needed to identify the factors that 

underlie this cost at a European level and apply this to the whole European network. This would demand a 

level of effort equivalent of a whole new project. 

Therefore, the cost estimate provided should be taken as an indicative figure only, emphasizing the high 

level of uncertainty associated with it. 
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The main takeaway is that generation costs dominate the solution. The decentralized scenario has higher 

system costs than the centralized scenario (around 29 € bln). As can be seen, the main difference in cost is due 

to the diverging cost of renewables, with the centralized option being the most efficient. Distributed renewables 

also have a higher need for investment in storage. Although the centralized case has a higher need for 

transmission, that is more than compensated by more intensive investments in distribution and a more 

expensive operation, which is mainly due to a slightly more intensive use of gas plants. We should also highlight 

that most of the energy generated comes from renewables, which means that it does not contribute to 

operation cost. Therefore, even a small increase in gas generation has the potential to translate into a sizeable 

increase in terms of cost. 

3.1.2.3 Energy generation in the scenarios 

The overall generation by technology is determined by the expansion of the system. The centralized scenario 

relies on offshore wind, while the decentralized scenario uses a higher amount of solar PV. As mentioned above, 

the decentralized scenario has a higher need for flexibility, which results in a more expensive system operation. 

We can see that in the use of gas and pumped storage (PS). 

 

Figure 10. Energy generation by technology. 

 

3.1.2.4 An unavoidable need for network investment 

Both the centralized and decentralized scenarios require large network investments. In both cases, network 

development costs are relevant compared to other cost components, of the order of magnitude of operation 

cost. The centralized scenario requires more new transmission corridors than the decentralized one. However, 

the upgrades in the distribution network that would be necessary in the decentralized scenario more than 

compensate for its savings in transmission. In any of the cases, network investments are an unavoidable need. 
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Figure 11. Network and operation costs. 

 

The main backbone corridors that appear in both scenarios are presented in the figures below. In these maps, 

only the largest-capacity corridors are shown for the sake of clarity. Full maps presenting all the transmission 

investments, as well as some additional data, can be found in the appendix section. As can be seen, both 

scenarios require a considerable investment in transmission. In particular, we can observe some North-to-South 

macro-corridors that extend from Scandinavia to Central Europe in the decentralized case and up to Spain in 

the centralized scenario. These macro-corridors have already appeared in the result of other planning projects 

such as e-Highway. There is also a high need for investment in the so-called Manchester-Milan axis, where a 

high demand is located. 

 

Figure 12. Incremental transmission capacity in the centralized scenario (largest-capacity corridors) 
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Figure 13. Incremental transmission capacity in the decentralized scenario (largest-capacity corridors). 

 

These macro-corridors are only possible with a large-scale deployment of HVDC technology, which is especially 

important in the centralized scenario given the absence of technological alternatives for the development of 

the offshore transmission grid. HVDC transmission is, therefore, crucial for the development of the system 

either in the centralized or the decentralized case. 

3.1.3 Conclusions 

The decentralized scenario has higher total system costs than the centralized scenario. This is driven by two 

factors. The first one is that the generation mix for renewables in the decentralized scenario is suboptimal with 

respect to cost. Rooftop PV has higher generation cost than utility-scale solar power. The allocation of 

considerable amounts of PV in northern Europe is also more expensive than wind generation in these regions. 

The second aspect is the need for flexibility. The decentralized case requires far more flexibility in the electricity 

system to match supply and demand. This can be achieved by demand-side flexibility or by the utilisation of 

costly storage. 

The centralized scenario requires a stronger expansion of the electricity transmission grid, but of the same 

order of magnitude in the decentralized case. In the centralized scenario, a considerable amount of renewable 

generation capacity is installed in Northern or Central Europe, considerable amounts of electricity need to be 

transported across Europe to match supply and demand. This requires more transmission lines within Europe. 

Most of the investment happens around the Milan-Manchester axis, given that it is a region where large cross-

area flows happen. In addition, large North-to-South macro-corridors are built in order to integrate the large 

renewable investments that take place in the periphery of Europe. These corridors are consistent with the 

findings of other European projects such as e-Highway. A larger proportion of transmission losses (around 30% 

higher) appear in this scenario as a result of the larger cross-area flows. 

Both scenarios require a strong expansion of the transmission grid (albeit lower in the decentralized case). This 

is caused by the fact that, according to the assumptions we are making on the evolution of the cost of the several 

generation, storage and network technologies in the time horizon of the study, electricity transmission is a 
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cheap flexibility option compared to other technologies such as additional generation capacities or storage. 

Then, a higher system integration across Europe emerges as the most cost-efficient alternative in terms of 

flexibility. 

Distribution-grid upgrades have a considerable cost in the decentralized case. The decentralized case, the 

upgrades to the distribution network needed to integrate the new distributed generation are comparable to the 

needs of the transmission network. The cost of distribution-network upgrades is subject to considerable 

uncertainty and varies depending on local characteristics. Any cost estimates should be treated with extreme 

caution. 

Public acceptance is the main currency of the energy transition. In both scenarios, substantial infrastructures 

in terms of generation and transmission –also in distribution in the decentralized case- need to be built. This 

requires sizeable financial resources and public acceptance. The cost of the electricity system is one important 

aspect, but the required acceptance for grid lines or generation technologies is also crucial for the sustainable 

long-term development of the sector. 

International cooperation is beneficial. In both scenarios substantial electricity trades between regions and 

common optimization of the supply infrastructure is part of the calculation procedure. International cooperation 

reduces costs and requires fewer resources in terms of generation infrastructure. 

Transmission grids will be the backbone for the decarbonisation of the electricity sector in Europe,  as they 

allow for the efficient decarbonisation of the electricity sector. This is true for a decentralized model just as well 

as for a decentralized development of energy resources. A more centralized approach requires even larger 

transmission developments, but less flexibility in the system with a lower use of storage. 

The need for transmission and distribution-network upgrades should be considered when planning the 

expansion of the system, as their effect is considerable. It is not enough to plan for the expansion of generation: 

network investments must be taken into account. 

3.2 The role for carbon capture transport and storage in electricity and industry in 

the future 

3.2.1 The CCTS Infrastructure Perspective 

As the most commonly used abbreviation “CCS” indicates, the sequestration of CO2 from exhaust gas and the 

prevention of it being emitted to the atmosphere takes place within a “value chain” of several processes. CCS 

means that there is carbon capture and carbon storage. Moreover, it is necessary to consider the carbon (CO2) 

transport to bring the CO2 from the capture site to the storage sites (Hirschhausen, et al., 2010). Hence, the 

abbreviation CCTS can also be found in the literature, e.g. Oei, Herold & Mendelevitch (2014), and is also used 

in this case study. 

CO2 conditioned to a super-critical state can be transported like natural gas or crude oil. While tankers and trucks 

are an option for transporting smaller quantities, pipeline transport is more economic for large-scale transport 

(Geske, Berghout, & van den Broek, 2015). Oei, Herold, & Mendelevitch (2014, p. 519) summarize that ”pipeline 

transportation is commonly considered as the only economically viable onshore transport solution that can 

carry the quantities emitted by large-scale CO2 sources.” 

Pipelines represent a typical network infrastructure with high sunk upfront investment cost. The corresponding 

fixed costs are, thus, subject to economies of scale. Furthermore, the costs of a transportation network depend 

on its spatial extent. Hence, costs are also subject to economies of density regarding the spatial distribution of 

CO2 sources and CO2 sinks. In this sense, pipeline networks have to account for right of way (ROW) fees which 

are especially important in densely populated areas like the EU. 

The average distance that has to be covered between CO2 sinks and sources is an important factor for the 

economics of a potential transport infrastructure. In this regard, it is fundamental to consider that current 
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legislation and public opposition make the use of onshore storage capacities unlikely in Europe (Banksa, 

Boersmab, & Goldthorpe, 2017, p. 4). Hence, the focus for possible future CCTS deployment in Europe must be 

on the offshore capacities that are mostly located in the North Sea (Figure 5). This also leads to the necessity to 

assume that there are no legal restrictions to cross-border flows, so that emitters from all European countries 

can access the offshore CO2 storage facilities. 

This assumption neglects that regulatory hurdles still remain for the transportation of CO2 across Europe as the 

CCS Directive did not address transboundary CO2 transport (Heffron, et al., 2018). Likewise, no regulation exists 

in international law. In fact, the transport of CO2 across borders of international waters is prohibited. An 

amendment of the London Protocol to the Convention on the Prevention of Marine Pollution to allow cross-

border transportation has not been ratified yet (Banksa, Boersmab, & Goldthorpe, 2017). 

Another determining factor to the use of CCTS in the European Union is the availability of geological storage 

capacity. Candidate geological structures include oil fields, gas fields, saline aquifers, and coal beds. The few 

CCTS projects with permanent CO2 storage currently in operation all use saline aquifers (IEA, 2016). While CO2 

injection has been practiced in the oil and gas industries since the mid-1970s, experiences with respect to the 

long-term environmental impact of permanent storage are limited. 

Future CO2 storage could be accompanied by CO2 reuse (carbon capture use and storage, CCUS), which means 

to use captured CO2 as a value adding input for another process. This would alleviate the central dilemma of the 

need to heavily invest in capturing technology only to obtain a useless waste product that needs to be disposed 

and of which the disposal itself is again associated with costs. The global volume of CO2 reuse for all 

technologies is approximately 80 Mt per year, with a predominant use of 50 Mt of CO2 for EOR (Enhanced Oil 

Recovery), followed by the chemical industry (e.g. urea yield boosting) and the food and beverages industry. 

80% of the CO2 is currently supplied from natural CO2 sources at (Global CCS Institute, 2011). While CO2-EOR 

might support a potential CCTS roll-out in Europe, other technologies have not yet reached maturity (Global 

CCS Institute, 2011). 

CO2-EOR is not a “green” technology if we take into consideration its carbon footprint (Mendelevitch & Oei, 

2013, p. 10). However, this ongoing discussion around the environmental benefit of CO2-EOR is neglected in this 

case study. We rather address the fact that CO2-EOR is not only a potential source of revenue but might also 

serve as a starting factor for the development of a pipeline network. These properties deem CO2-EOR a 

necessary element of an economic assessment of CCTS. Also, Mendelevitch and Oei (2013) concluded that CO2-

EOR can support the CCTS deployment at large scale in the North Sea region. 

To account for the essential elements from an infrastructure perspective, the model CCTSMOD is used (Oei, 

Herold, & Mendelevitch, 2014).3 The model framework is adapted to the methodology used in this case study, 

notably to accommodate the data exchange with the models EMPIRE and FORECAST-Industry (see Section 

2.1). 

CCTSMOD is designed to simulate the potential development of a pipeline-based CCTS infrastructure. The 

formulation as a scalable mixed integer, multi-period welfare-optimizing network model allows the endogenous 

decision on carbon capture, pipeline and storage investments. Cost optimal capture, CO2 flows and injection 

quantities are calculated. The model has a focus on CO2 transport with an explicit representation of economies 

of scale in pipeline transport by allowing the installation of discrete pipeline diameters. The model operates on 

a geo-referenced set of industry, energy generation facilities and CO2 storage sites. Hence, it also accounts for 

economies of density. The model is run as a single cost minimization and covers the entire EU-28, Norway and 

Switzerland by aggregating sinks as sources on a 200x200km grid. 

                                                                    

3 The model and data description is based on Oei, Herold and Mendelevitch (2014, pp. 519-521). Please refer to the original 

publication for more details.  
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In its original setup, a single omniscient and rational decision maker with perfect foresight decides whether a 

CO2 emitting facility purchases CO2 certificates or invests into a capture process. For the SET-Nav model runs, 

this decision on capture is outsourced to the energy demand sector models, namely industry represented by the 

model FORECAST-Industry and the electricity generation perspective represented by the model EMPIRE. The 

decision path implemented along the CCTS value chain by CCTSMOD was adapted accordingly. Initially, the 

captured emissions calculated by FORECAST-Industry and EMPIRE are given for technology aggregates and by 

country. CCTSMOD then decides which facilities in the detailed geo-coded grid are optimally used to capture 

these emissions; in other words, it allows for disaggregation of the captured emissions within countries. 

Facilities are chosen to minimize infrastructure and transport cost. Then, the optimal routing of the required 

pipeline network and CO2 flows as well as the storage activities are calculated (Figure 4). The calculated costs 

for building and operating the CO2 transport and storage infrastructure are reported back as input to the EMPIRE 

model. 

 

 

Figure 14. Revised value chain in CCTSMOD for case study methodology 

 

Pipelines are representing a typical network infrastructure with high upfront, sunk investment cost. For capital 

cost, a value of 0.087 EUR per tCO2, cm of pipeline diameter and km of pipeline is used. This value is at the upper 

end of existing estimates in the literature to account for uncertainties associated with topographic features, 

public resistance, and environmental concerns as uncertain utilization rates. This investment cost is subject to 

economies of scale (Table 6). Moreover, the investment decision in pipelines is an integer problem on four 

possible diameters with associated annual transport capacity. Flow-dependent variable costs including 

operation and maintenance are 0.01 EUR per year and km and tCO2. Since rights of way must be paid for (new) 

pipelines, it is preferable to construct pipelines along existing corridors, including pipelines of other fuels (e.g. 

natural gas pipelines). We simplify the pipeline routing problem by abstracting from topographic features such 

as mountain ranges and assume same unit costs for all pipelines of a certain diameter regardless the location, 

including on- and offshore pipelines. In summary, chosen cost parameters rather underestimate CO2 transport 

and infrastructure costs. 

 

Table 5. Investment cost by pipeline diameter and respective annual transport capacity 

Diameter (m) 
Annual transport 

capacity (mio tCO2/a) 
Investment costs (EUR 

per tC02 and km 

0.2 6 0.29 

0.4 18 0.19 

0.8 71 0.1 

1.6 338 0.04 

Source: Oei, Herold & Mendelevitch (2014, p. 521) based on (IEA, 2005) and (Ainger, Argent, & Haszeldine, 

2009). 
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Source: Oei, Herold & Mendelevitch (2014, p. 521) based on data by (Bentham, An assessment of carbon 
sequestration potential in the UK--Southern North Sea case study., 2006), (Bentham, Kirk, & Wiliams, 2008), 

(Brook, Shaw, Vincent , & Holloway , 2009), (Radoslaw, Barbara, & Adam, 2009), (Greenpeace, 2011), (Ainger, 
Argent, & Haszeldine, 2009). 

Figure 15. Offshore CO2 storage capacity in Europe 

 

For calculation with CCTSMOD, geo-referenced emission sinks and sources are aggregated on a 200kmx200km 

grid. The CCTSMOD data set comprises information about average annual CO2 emissions of individual facilities 

and their locations (for both industry and power generation). The data set of geo-referenced industry facilities 

was updated in coordination with FORECAST based on E-PRTR and EU-ETS. Data for an initial set of power 

plants in the starting year 2010 is taken from Platts (2011). We assume that future emitting facilities will be at 

the location of existing facilities. For example, if new power plant capacities such as coal CCS are decided by 

EMPIRE, we assume that they will be located at the location of existing coal power plants. 

The estimates for CO2 storage capacities in Europe are still subject to uncertainty. Oei, Herold, & Mendelevitch 

(2014, p. 521) report a total of 94 Gt CO2 for the European Union. 44 Gt are onshore and 50 Gt storage capacity 

are located offshore. Figure 5 shows the offshore CO2 capacity by storage type aggregated on a 50 x 50 km grid. 

Among the offshore storage possibilities, the largest storage capacities are expected to be available with 

offshore saline aquifers. However, they are also associated with the highest uncertainty of availability and 

accessibility. Consequently, these storage sites are assumed to have higher storage costs compared to the other 

option of depleted hydrocarbon fields. A joint effort of IEA GHG and ZEP (2011) evaluated storage costs in 

dependence of the realization of different cost drivers (e.g. field capacity, well injection rate).The least 

favourable realizations of the respective parameters are taken as input data for CCTSMOD database to account 

for the uncertainty and to avoid overly optimistic assumptions. Table 7 presents the capital and variable costs 

for CO2 storage included in the model database. 
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Table 6. Capital and variable costs of CO2 storage 

 
Capital costs in EUR/tCO2 

per year 
Variable costs in EUR/tCO2 

stored 

Saline aquifer offshore 169 6 

Depleted hydrocarbon fields offshore 96 6 

Saline aquifer onshore 89 4 

Depleted hydrocarbon fields onshore 68 4 

Source: IEA GHG & ZEP (2011), high scenario 

 

Potential revenues generated by selling CO2 to oil operations for enhanced oil recovery (EOR) are calculated as 

the difference between the oil price4 and the costs of investment and operations of crude oil. Based on an 

inventory of cost components detailed in Table 8, investment costs add up to 103,9 EUR per tCO2 stored per 

year and operating cost sum up to 180 EUR/tCO2. Based on the literature, CO2 utilization rates of 0.33 tCO2 per 

incremental barrel are assumed; in other words, each ton of CO2 used in EOR produces three additional barrels 

of oil. Oil fields suitable for enhanced oil recovery exist in the North Sea. However, their absorption capacity in 

is rather low with 1.2 Gt in total. 

  

                                                                    

4 In the case study analysis, the crude oil price given by PRIMES in each year and pathway is used (see Section 2.5). 
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Table 7. CAPEX and OPEX cost components for CO2-EOR installation 

CAPEX cost components Mill. EUR 

1 Survey cost to examine the reservoir characteristics with respect to CO2-EOR 1.5a 

2 
Platform construction/restructuring costs to adapt to CO2-EOR requirements, 
including  

 

 a) surface facilities costs to pre-treat the CO2 before injection 17.5b 

 b) recycle instalments to separate, compress and re-inject CO2 7.1c 

3 Well drilling costs for new injection wells 52.5d 

4 Monitoring and verification facility 3% of CAPEXe 

OPEX cost components Mill. EUR/MtCO2 

1 Facility operations 5% of CAPEXf 

2 Oil production (not including cost for CO2 purchase) 53g  

3 CO2-recycling 5.2h 

4 CO2 compression and injection 8.7i 

5 Monitoring and verification 0.4j 

Notes and sources: 
a BERR (2007) 

b per MtCO2/year injected (water depth >100m); Source: Kemp & Kasim, (2012) 
c per MtCO2/year recycled; Source: Kemp & Kasim, (2012) 
d per MtCO2/year injected (water depth >100m); Source: Kemp & Kasim, (2012) 
e Kemp & Kasim, (2012) 
f Holt, Lindenberg, & Wessel-Berg (2009) 
g high estimate not including cost for CO2 supply of 16.35 EUR/tCO2: Source IEA (2013, p. 228) 
h per MtCO2 recycled; Source: Gozalpour, Ren, & Tohidi (2005) 
i per MtCO2 injected; Source: Gozalpour, Ren, & Tohidi (2005) 
j per MtCO2 stored; Source: BERR (2007) 

Source: Updated from Mendelevitch & Oei (2013, p. 23) 

 

3.2.2 Case study design and scenario definitions 

The strong cost decrease of renewables in recent years shows that the decarbonisation of the electricity sector 

can possibly be achieved without CCTS. In contrast, the complete decarbonisation of the industry sector might 

not be possible (IEA, 2017). The IPCC states that “no CCS” would lead to a 138% increase in total discounted 

mitigation costs between 2015 and 2100 relative to default technology assumptions (IPCC, 2014, p. 15).5 It is 

also noteworthy that the non-availability of CCTS has a significantly higher impact on total mitigation costs than 

missing out on other technologies like wind, solar or nuclear (IPCC, 2014, p. 453). Therefore, one of our questions 

is how much the benefit of using CCTS would be in terms of the total energy system costs in Europe. From a 

                                                                    

5 When comparing costs, it has to be noted that in the IPCC scenario “CCS […] is also an essential ingredient for BECCS, and 
it can be applied in various sectors of the energy system, including for the provision of liquid low-carbon fuels for 
transportation” (IPCC, 2014, S. 453). 
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social perspective, the decision is whether possible future cost savings enabled by the technology outweigh the 

negative externalities and associated risks of the technology or not (see Section 3). 

The literature also agrees that there is a need to reduce uncertainty around the decarbonisation path and 

regulatory matters. For example, Ecofin & ETI (2014, p. 12) state that “[…] evolution to a low cost of capital 

industry through refinancing and opening up new sources of financing will only happen as the sector or 

individual projects are genuinely derisked.” 

Accordingly, our analysis aims at evaluating the benefit of employing the CCS technology in terms of system 

costs in dependence from the decarbonisation pathway and possible cost development of the CCS technology. 

In this case study, the impact of the technology is analysed under two different decarbonisation pathways 

1. Business as usual (BAU): Decarbonisation in line with EU 2016 Reference Scenario (EC, EU Energy, 

Transport and GHG Emissions: Trends to 2050 - Reference Scenario 2016, 2016) 

2. Decarbonisation: Decarbonisation in line with the EU 2016 Decarbonisation Scenario (also provided by the 

PRIMES model in 2016) 

 

Table 8. Study design: scenario definitions 

Climate policy 
Intensity 

Optimistic Pessimistic No CCS 

Pathway I 
Business as Usual 
(BAU) 

Scenario 1: 
High profit from CO2-EOR 
High efficiency gains in 
capturing technology; 
No CCTS in industry 

Scenario 2: 
No profit from CO2-EOR 
Low CCTS efficiency gains 
and cost reduction 
No CCTS in industry 

Scenario 5: 
No CCTS 
technology 
available 

Pathway II 
Decarbonisation 
(DEC) 

Scenario 3: 
Same as scenario I + CCTS 
used in industry 

Scenario 4: 
Same as scenario II + 
CCTS used in industry 

Scenario 6: 
No CCTS 
technology 
available 

 

For each pathway, we define three scenarios (Table 9). Each scenario is defined by the key factors that are 

driving CCS deployment, assuming optimistic or pessimistic external conditions. Scenarios with no CCS are used 

as comparison. In sum, the key drivers that we consider are: 

1. Emissions reduction target and the corresponding carbon price: incorporated by the CO2 price calculated 

by PRIMES in the two pathways, given by the EC Reference Scenario 2016 (EC, EU Energy, Transport and 

GHG Emissions: Trends to 2050 - Reference Scenario 2016, 2016, pp. 79, Fig. 60) for the Business-as-Usual 

Pathway, and the PRIMES 2016 Decarbonisation Scenario for the Decarbonization Pathway. 

2. CCS potential by sector: Assessment of CCTS potential and further barriers from industry and electricity 

sector perspective. 

3. Technological progress: cost reductions and efficiency gains in the CCS technology, in particular in the 

electricity sector. No variation of the assumptions on other technologies like development of solar costs. 

4. CO2-EOR: Overcoming high up-front investment cost – that are currently one entry barrier in this sector – 

by generating revenues from CO2-EOR (as opposed to only incurring costs of storing). 

 

As shown in Table 9, we distinguish two different climate ambition pathways for which we define comparable 

scenarios. Pathway I corresponds to a Business as Usual scenario that includes today’s policies and available 

technologies and reaches a reduction target of about 48% of CO2 emissions in 2050 compared to 1990. It is 

based on the PRIMES Reference Scenario (EC, EU Energy, Transport and GHG Emissions: Trends to 2050 - 

Reference Scenario 2016, 2016). Pathway II corresponds to higher ambitions of greenhouse gas emission 
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reduction in Europe with ca. 84% CO2 emissions reduction by 2050 compared to 1990. This Pathway is based on 

the PRIMES Decarbonization Scenario 2016. Figure 6 shows the main assumptions for the Pathway I and 

Pathway II scenarios. These assumptions are, of course, uniformly used by all models in the case study (if they 

include these parameters). In Figure 6 (a) the original PRIMES demand projections are shown as broken lines. 

The solid lines show demand projections where the share electricity demand in industry from PRIMES has been 

replaced by that of FORECAST-Industry (see also Section 2.1), which is the demand used by EMPIRE. Electricity 

demand in other sectors are still based on PRIMES. Since fuel prices does not change between scenarios in 

PRIMES, only one set of fuel prices are reported here, in Figure 6 (c). 
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Note: The price of biomass in 2010 is based on (VGB, 2011). After 2010, an increase of 10% is assumed for 

every fifth year. 

Figure 16. Main scenario assumptions from PRIMES 

3.2.3 Overview of Results 

Conditions for the use of CCS are depending on the exogenous assumptions defining each scenario. The 

following section gives an overview on results and analysis drivers behind CCS deployment across all scenarios. 

Different energy systems, resulting from the exogenous assumptions defining each scenario, are compared by 

analysing total discounted system cost as well as average cost of electricity in 2050. 

3.2.3.1 Pathway I – Business as Usual 

in the Business as Usual Pathway I, CCTS is only used where advanced CCTS is available. The fact that even in 

later years after 2040 no CCS is used at all in scenario 2 indicates that without technological improvement the 

CCS technology is not competitive in a Business as Usual scenario. In Scenario 1 only Coal CCS is used capturing 

a total of 4.2 GtCO2 by 2055. CCS Coal facilities are profiting by revenues from CO2-EOR which is driving CCS 

employment in a low CO2 price environment. After CO2-EOR capacities are depleted by 2040 the annual stored 

amount from CCS plants is decreasing (Figure 8). The rise in CCS Coal operation in 2045 is then driven by a rising 

CO2 price and improved technical properties (e.g. efficiencies, investment cost). Already by 2050 the installed 

CCS Capacity is not fully used anymore. The use of CCs allows coal to stay in the energy mix and even increase 

its share in the generation mix as Coal CCS is displacing generation by unabated gas capacities (Figure 7). 

 

Table 9. Summary of scenario results for the Business as Usual Pathway 

Business as Usual: Scenario Results 

 

CCS assumption 
Optimistic 

(Sc. 1) 
Pessimistic and No CCS (Sc. 2 

& Sc. 5) 

Electricity Sector 

CCS employment yes no 

CO2 stored 2015-2055 in GtCO2 4.2 0.0 

Installed CCS capacity in GW in 2050 55 0.0 

Installed intermittent RES capacity in 2050 in GW 2441 2692 

Share of generation from intermittent RES 67% 72% 

Emissions reduction by 2050 79% 77% 

Curtailed generation in TWh 242 322 

Electricity storage capacity in 2050 in TWh 4.92 4.95 

Industry Sector 

CO2 stored 2015 - 2055 0.0 0.0 

Average abatement costs in EUR/tCO2 n.a. n.a. 
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Figure 17. Electricity generation by technology in Scenario 1, in TWh 

 

 

Figure 18. Storage by sector and storage type in million tCO2 (Scenario 1) 

 

3.2.3.2 Pathway II – Decarbonisation 

The decarbonisation Scenario 3 with highest employment of CCS achieves an emission reduction of 97.9% by 

2050. Remaining emissions stem from CCS generation and cannot be captured. The decarbonisation scenario 6 

with no CCS available achieves a similar emission reduction of 97.4 by using unabated gas at a low capacity 

factor, a small share of Bio to provide flexibility combined with a higher share of renewables (Figure 9). 
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Table 10. Summary of scenario results for the Decarbonisation Pathway  

Decarbonisation: Scenario Results 
 

CCS assumption 
Optimistic (Sc. 

3) 
Pessimistic (Sc. 

4) 
No CCS (Sc. 6) 

Electricity Sector 

CCS employment yes yes no 

CO2 stored 2015-2055 in GtCO2 7.7 0.9 0.0 

Installed CCS capacity in GW in 2050 189 69 0.0 

Installed intermittent RES capacity in 2050 in 
GW 

2714 3032 3167 

Share of generation from intermittent RES 73% 77% 78% 

Emission reduction by 2050 97.9% 97.3 97.4% 

Curtailed generation in TWh 427 667 746 

Electricity storage capacity in 2050 in TWh 4.95 4.99 5.1 

Industry Sector  

CO2 stored 2015 - 2055 2.16 2.16 0.0 

Total discounted CCS cost in bn. EUR 2015 33.8 35.4 n.a. 

 

Scenario 3 Scenario 6 

  

 

Figure 19. Generation by technology in TWh for Scenarios 3 (left panel) and 6 (right panel) 

 

The impact of CCS on the electricity generation can be observed by the installed capacity of intermittent 

renewables and the curtailed generation which is significantly higher in Scenario 6 compared to the CCS based 

system in Scenario 3. The substantial amount of curtailed electricity generation (Table 11) can be explained by 

the lack of alternative moderate-cost, low-carbon investment options when CCS is off the table. Due to the high 
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ETS price and stringent emissions constraint there is almost no room for conventional unabated fossil 

generation in the mix. Nuclear power is prohibitively expensive due to high capital costs and the price of biomass 

is assumed to be high. As the cost of shedding load is extremely expensive, and the cost of installing renewables 

is fairly low towards 2050 (in particular for solar PV), the least cost solution to serve demand is to continue to 

invest in renewables even beyond a point of saturation, i.e. when continued deployment leads to over-

production in certain time-periods. Low cost batteries are used to mitigate this balancing issue, however, the 

energy storage capacity is still just a fraction of the total excess generation in some periods. We use rather 

optimistic assumptions regarding battery cost reductions, but our results indicate that using batteries for 

flexibility services related to intermittent renewables is only a limited option that will leave a large amount of 

curtailed generation. 

This effect can be also observed in Scenario 4 where, in contrast to Scenario 3, no advanced CCS technology is 

available. Nevertheless the Gas CCS demo technology is used in later years for decarbonisation. The CO2 stored 

in scenario 4 (0.9 GtCO2) is significantly lower than in scenario 3 where advanced CCS plants are available. 

 

 

Figure 20. Generation by technology in TWh in Scenario 4 

 

The decarbonisation pathway and especially the availability of advanced CCS in scenario 3 lead to the storage 

of 9.8 GtCO2 until 2055. Results indicate that the employment of CCS in the electricity sector mostly depends 

on the availability of advanced CCS. Moreover, the deployment of CCS as early as 2025/2030 only partially 

depends on the availability of CO2-EOR revenues, which is indicated by the fact that also CCS facilities that do 

not profit from CO2-EOR are already operated as early as 2025 (in contrast to the BAU scenario 1). It has to be 

mentioned that CCS facilities feeding into permanent CO2 storages do not profit from CO2-EOR revenues 

directly and that we assume that CCS facilities built in 2025 will still profit from learning rates in later years (e.g. 

increased efficiencies). However, CO2–EOR revenues are fully accounted for in total system cost. The fact that 

permanent storage capacities are already needed in 2025/2030 curbs the role of CO2-EOR as a kick starting 

technology which would be driving technological progress in later years. By 2040, CO2-EOR capacities are 

depleted and emissions from CCS plants have to be redirected to permanent storage sites. 
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Figure 21. CO2 storage by sector and storage type in million tCO2 (Scenario 3) 

 

In Scenario 3 only an amount of 218 MtCO2pa is captured in the electricity sector in 2050, namely by Coal CCS 

and Gas CCS facilities. This is, interestingly enough, comparable to the annual level reached by 2050 in the 

Business as usual Scenario 1. In contrast to Scenario 1 the industry sector is capturing an additional 132 MtCO2pa 

in 2050 in the Decarbonization scenarios. This is due to the fact that no other abatement option is available. 

Figure 11 details the annual stored emissions by capturing sector and the type of storage facility that is used in 

Scenario 3. 

The decline in stored emissions from the electricity sector towards 2050 is remarkable, and this can be explained 

by looking at the electricity generation and associated capacity factors in Scenario 3 (Figure 9 and Figure 12). 

Total CCS power generation quickly rise from 2025 to 2030 and stays stable until another rise occurs in 2040. 

Then, the use of CCS declines. However, the amount stored declines faster than the CCS generation. The decline 

in stored CO2 is partly misleading as technological improvements increase the efficiency of CCS generators, and 

thus specific fuel use declines. Nevertheless, there is a second effect reducing stored emissions, Gas CCS enters 

the system in 2040 and most of the reduced CCS generation after 2040 is lignite. As lignite has a much higher  

carbon content than gas this fuel switch also drags down the stored emissions. The capacity factors of Coal CCS 

plants are high in the beginning when they are deployed (running more or less fully as baseload), but gradually 

decrease. This has to be viewed in light of the massive deployment of renewables, and the very high price of 

CO2 (and stringent emission limit) in this scenario. The latter affects the residual emissions of CCS plants, which 

becomes an expensive component of the operational costs and there is very limited room for any type of 

emissions. However, there is still much need for back-up capacity to balance the renewable production 

(particularly during night when solar production is off). It appears that conventional power plants with CCS are 

used to provide this balancing. In general, the usage of CCS capacity will be strongly affected by the deployment 

of renewables and the carbon price/constraint. Towards 2050 there is a great need for non-intermittent, low-

carbon (conventional) capacity, but little room for CCS generation. This is due to the residual emissions that 

cannot be avoided because the capture rate of CCS power plants is only approx. 90%. 
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Source: EMPIRE 

Figure 22. Capacity factors of CCS power plants in Scenario 3 

 

3.2.4 Comparing system costs: when is CCTS worth the investment? 

The preceding sections demonstrated that the potential role of CCS in the future is highly depending on learning 

rates of the technology and the climate ambition of the EU. As technological improvements might require 

substantial investments in research and development it is important to analyse the value added of CCS in terms 

of system cost. System costs are limited to the electricity sector as the case study framework does not allow a 

complete representation of the industry sector. A potential benefit must also be weighed against negative 

externalities and risks associated with CCS such as the uncertainty on permanent storage. 

Total discounted electricity system costs displayed in Table 12 comprise all expenses from an electricity 

producer’s point of view that are spent to replace or extend existing capacities and to operate the EU energy 

system from 2015 to 2055. In the Business as Usual Scenario 1 the advanced CCS technology with increasing 

efficiencies towards 2050 is available (also see the scenario definitions in Section 2.5). However, the cost 

advantage of this scenario predominantly stems from CO2-EOR revenues rather than lower costs of electricity 

generation by advanced CCS. The cost advantage of CCS is, thus, depending on uncertainties connected to the 

oil price development. On the one hand, capital costs are lower in the CCS based system in scenario 1. This is 

due to high costs for the investments in additional 251 GW of intermittent RES needed in Scenario 2 and 5. On 

the other hand, this difference is offset by lower variable operation and maintenance (O&M) and fuel costs in 

Scenario 2 and 5. The fact that Scenario 2 and 5 have no advanced CCTS and, consequently, achieve a slightly 

lower emission reduction (Table 10) also adds to higher costs for ETS certificates compared to Scenario 1. 

When comparing total discounted system costs between decarbonisation scenarios (Pathway II), one can 

observe a cost reduction of 4% by the availability of advanced CCS and CO2-EOR compared to the No CCS 

Scenario 6. This indicates that the advantage is not only stemming from CO2-EOR revenues but also from the 

assumed cost decrease (and efficiency improvement) of advanced CCS power plants. In Scenario 4, CCTS is used 

even though no technological progress of CCS power plants and no EOR benefits are assumed, but under these 

conditions total system costs are the same as in the No CCS Scenario. 

 

Table 11. Total discounted electricity system costs in bnEUR2015 for 2015 - 2055 

 Optimistic Pessimistic No CCS 

Pathway I 
Business as Usual (BAU) 

Scenario 1 
10370 
(-2%) 

Scenario 2 
10584 
(0%) 

Scenario 5 
10584 
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Pathway II 
Decarbonisation (DEC) 

Scenario 3 
10485 
(-4%) 

Scenario 4 
10925 
(0%) 

Scenario 6 
10921 

 

Note: In parentheses, deviations from the No CCS scenario in each pathway. 

 

 

Figure 23. Average cost of electricity in 2050 by scenario 

While total system costs also include the costs of the transition period to a low-carbon electricity system, we 

will observe larger differences between scenarios in the final state of the system in 2050. This can be seen in 

Figure 13 which shows average costs of electricity generation in 2050. In the Business as Usual Pathway, the 

deployment of CCS (only in Scenario 1), leads to a slight cost advantage of 0.93 EUR/MWh over scenarios 

without CCS. In the Decarbonisation Pathway, the impact of CCS in our case study framework becomes more 

obvious as average costs of electricity are 4.50 EUR/MWh lower than without CCS (Scenario 3, compared to 

Scenario 6). Even without the availability of advanced CCS and EOR profits (Scenario 4), one can observe an 

advantage of 0.72 EUR/MWh compared to the No CSS scenario (Scenario 6). 

Section 4.4 highlights the substantial amount of electricity curtailed in the decarbonisation scenario which is 

growing with the share of intermittent renewables. When abstracting from the curtailed electricity, the average 

cost of electricity produced is actually almost the same across all scenarios. This can be observed by including 

curtailed generation when calculating average costs of electricity per MWh (Figure 14).6 Consequently, the 

competitiveness of a renewable based system depends on the ability of the electricity grid to absorb the entire 

electricity produced. The extent to which a system can absorb excess intermittent electricity production 

strongly depends on the availability of flexibility options at reasonable costs. Ongoing research goes beyond 

considering electricity storage. Measures of sector coupling, demand side management and power-to-X aim at 

exploiting the potential of excess renewable generation. Consequently, the developments in these areas must 

be considered when analysing potential future cost benefits from CCS (Bloess, Schill, & Zerrahn, 2018) (Schill & 

Zerrahn, 2018). The EMPIRE assumptions of the (future) availability of such flexibility options are very 

conservative. While CCS can provide a – small – cost advantage by providing conventional back-up capacity, 

                                                                    

6 Costs per MWh are lower when including curtailed generation in the total sum of MWh of generated electricity. 
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alternative flexibility options could provide similar system services for accommodating high amounts of 

renewable generation. Their system cost effects will need to be analysed in the future. 

 

Figure 24. Average cost of electricity in 2050 including curtailed generation 

 

 

Figure 25. Total discounted CCS costs in the industry sector in EUR2015

 

In the industry sector, the total construction and operation costs for CCTS are correlated to the CCTS 

employment in the electricity sector, due to the shared CO2 transport and storage infrastructure. The large-

scale use of CCTS in the electricity sector (Scenario 3) is leading to a reduction of 4.7% in total discounted CCTS 

costs for the industry sector compared to scenario 4 (Figure 15). 
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3.2.5 Conclusions 

Carbon capture, transport, and storage (CCTS) is one of the four decarbonization technologies in the SET Plan 

that is scrutinized in detail in the SET-Nav project. This case study report provides both a quantitative and a 

qualitative analysis of CCTS in the present energy system of the EU, and the prospects going forward to 2050. 

However, the SET-Plan activities and others in the EU have so far not led to a substantial take-off of the 

technology in Europe. This is both due to a lack of pilot and demonstration projects and the absence of a long-

term price signal, i.e. a sufficiently high CO2 price to incentivize the investments in CCTS. In addition, the global 

discussion on “negative emission technologies” is rapidly evolving and new technological processes include 

direct air capture (DAC) and biochar pyrolysis that might turn out to be cheaper and/or more adequate solutions 

to the challenge of decarbonization. 

CCTS implies the capture of carbon from exhaust streams in fossil fuel power plants or industrial processes, the 

transport (e.g. in pipelines and ships), and the long-term storage in geological rock formations. Over the last 

decades, a few pilot and demonstration applications of CCTS have been developed world-wide, mainly outside 

of Europe, that have proven it to be technically feasible, amongst other the first CCTS power plant (Boundary 

Dam, Canada), and some industrial installations such as an iron and steel works in Abu Dhabi, an ethanol plant 

in the USA and hydrogen production in Canada; Norway is practicing carbon storage in combination with 

enhanced gas recovery in the Sleipner and Snøvhit natural gas fields (Holz, et al., 2018). 

Against this background, the case study deploys a model-based quantitative framework to study the 

perspectives of CCTS in the European energy system going forward. The quantitative approach is based on the 

exchange between four models of the electricity sector (EMPIRE), the electricity grid infrastructure (TEPES), 

the industry sector (FORECAST) and a European CO2 network model (CCTSMOD). This model suite generates 

profiles for the use of CCTS in the energy sector and industry in various scenarios of climate ambition and 

technology availability and costs. 

The results of the case study can be summarized as follows: If one takes an optimistic perspective on CCTS costs 

and the availability of advanced CCS technology, one can expect the installation of 55 GW of CCTS capacity in 

the electricity sector until 2050, considering a moderate climate policy ambition in the Business as Usual 

Pathway, or even 189 GW in electricity and, in addition, 2 bn. t of CO2 captured in the industry sector if the 

climate ambition is high, as in the Decarbonization Pathway. With pessimistic assumptions on the CCTS cost 

development, CCTS would not be deployed in the Business as Usual Pathway, while the same amount of 

industrial capturing can be expected in the high climate ambition Pathway, but only 69 GW of CCTS power 

plants would be deployed in the electricity sector in this case. 

In the electricity sector, the CCTS installations emerge mainly in fossil-fuel dominated countries with moderate 

distance to offshore CO2 storage, such as Germany, the UK, the Netherlands, and Poland. CCTS in coal carries 

about the same share and absolute amounts than CCTS in natural gas, i.e. about 75 GW each in Scenario 3 (with 

high climate ambitions and advanced CCS), corresponding to almost 100% of the conventional (non-renewable) 

technology. In that scenario, there remains no more unabated fossil fuel, neither coal nor gas, by 2050. In the 

industrial sector, almost half of the captured emissions in the high climate ambition pathway occur in cement 

and clinker, and about one sixth each in steel, lime, and ethylene production. 

The infrastructure implications of the different scenarios are calculated by the models TEPES for electricity 

transmission and CCTSMOD for CO2 pipeline infrastructure. In general, there is an inverse relation between the 

level of CCTS deployment and the electricity transmission expansion needs: As coal- and gas-fired power plants 

using CCTS are located at existing electricity nodes, there is less need to reinforce the transmission grid when 
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this type of generation significantly contributes to the supply of electricity than in the case where renewable 

deployment needs to be larger. Thus, in the high climate ambition pathway, the annualized transmission 

network costs in Scenario 3 (€ 3.9 bn./a) are about € 1 bn. lower than in the No- CCS Scenario (€ 4.9 bn/a). With 

respect to the CO2 pipeline infrastructure, the opposite relation holds, of course: higher CCTS deployment leads 

to significantly higher CO2 pipeline infrastructure requirements. Thus, in Scenario 3 total CO2 infrastructure 

costs (transport and storage) are € 85 bn. between 2015 and 2050, spent on a CO2 network of 38 000 km. In the 

scenario with pessimistic CCTS cost assumptions, the total CCTS infrastructure costs are only € 38 bn., for a CO2 

pipeline network of ca. 26 000 km. 

Clearly, the availability of low-cost, high efficiency advanced CCS power plants significantly alters the future 

energy system. Without the technology, coal will completely vanish from the system. However, coal use will 

also steadily decline towards 2050 with CCS. The availability of advanced CCS leads to a cost advantage of CCS 

in terms of total system cost but even more so in terms of average costs of electricity. The cost advantage of 

CCS also depends on the absorption capability by the electricity grid of intermittent renewable electricity 

generation that is otherwise curtailed. In this regard, the cost advantage of CCS is under pressure by ongoing 

developments and research on storage and other flexibility options. 

However, the system cost advantage of CCS is small – 2% in the moderate climate ambition pathway and 4% in 

the ambitious climate policy pathway – and it is questionable whether it is sufficiently high to compensate for 

the risks associated with the CCTS technology. This concerns in particular the environmental risks as there has 

yet been rather little research and demonstration of permanent CO2 storage. In any case, there remain doubts 

at this moment whether CCTS costs can significantly be reduced and whether regulations (of cross-border CO2 

flows, of trans-national CO2 storage, of EOR revenue transmission etc.) can effectively be improved to the levels 

that we assume in our optimistic scenarios. 

In the very long run, CCS is not compatible with a 100% decarbonization target of the energy sector because the 

technology can only capture 80-90% of the CO2 emissions of a thermal power plant. Our scenario results show 

that a very high CO2 price – as assumed towards 2050 in the decarbonisation pathway – leads to a decline of 

CCS generation (declining capacity factor) because of the unabated emissions. It also leads to a technology 

switch from Coal CCS to Gas CCS because coal has a higher CO2 content than natural gas. In other words, in the 

long run, Gas CCS is more relevant. 

The case study also shows that a potential CCS deployment could benefit from economies of scale. Most 

obviously, the shared development and use of CO2 transport and storage infrastructure by both the electricity 

and industry sector decreases the average CO2 infrastructure costs by about 30% (compared to the use by the 

electricity sector only). Moreover, there are economies of scale and density as a more spread out CO2 pipeline 

network with low utilization rates in a system with high capture costs in the electricity sector (Scenario 4) has 

20% higher average CCTS infrastructure costs than a system with low capture costs and, therefore, high CO2 

capture levels (Scenario 3).  

The conclusions of our case study report to the development of the Strategy Energy Technology (SET) plan are 

threefold: 

• Under current policies, it is hard to foresee a business case for CCTS. Both in the electricity and the industry 

sector, alternative low-carbon technologies are available with essentially the same system (abatement) 

costs. 

• CCTS should remain one of the decarbonization options for Europe. Therefore, pilot and demonstration 

projects need to be started again. Given the large gap between current CCTS costs and CO2 prices, targeted 

public support is necessary to maintain this technological option. 
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• The analysis of CCTS needs to be extended and cover other negative emission technologies that are 

currently being elaborated in the context of global climate policy, such as direct air capture and biochar 

pyrolysis. 

3.3 Projects of Common Interest and gas producer pricing strategy 

3.3.1 Results of RAMONA 

RAMONA suggests investments in 12 projects out of the 18 noted in the list. Most of the investment decisions 

suggest a full PCI capacity (see comments in the table). Additional explanations on other insights and specifics 

of these results are as follows: 

• Ireland requires more installed capacity as Great Britain production decreases in the next decades. These 

results in an investment of 48.8 GWh/d in LNG capacity compared to 191 GWh/d in the PCI project 

(SHANNON LNG). 

• The MIDCAT project seems somewhat relevant. RAMONA invests 40 GWh/d capacity compared to the PCI 

suggested a capacity flow of 230 GWh/d. 

• Results showed a high EU dependency on imports from Algeria and Libya connections. The PCI suggested 

capacity (GALSI project) was invested and utilized fully.  

• Investing in the AEGEAN project (Greece LNG) results in a net capacity of 325GWh/d, which triggered a 

full investment for the IGB project (GR-BG). 

• Restrictions on procuring Russian gas through Ukraine are partially replaced by the GALSI expanded 

connection (through IT-AT-SK), the expansions of LNG terminals in Greece and Croatia, and investing in 

LT-PL. 

• The investment in the HU-SI project takes place when an investment in the IT-SI connection is allowed. 

Otherwise this project does not become relevant. 

• For other results and analysis, refer to the table’s comment column.  

 

 

Figure 26. RAMONA decisions on the PCI list 
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Table 12. RAMONA decisions on the PCI list 

No
. 

Short name 
From 
mark

et 

To 
mark

et 

Tot
al 

cost 

RAMONA 
results 

Comments - notes 

1 
SHANNON 

LNG 
LNG IE 551 Investment Ireland requires the extra capacity to satisfy demand 

2 ES-PT 
ES PT 219 No 

investment 
Portugal LNG terminal and current ES-PT connection appear to be sufficient 

PT ES 0 

3 MIDCAT 
ES FR 333 

Investment MIDCAT showed to be relevant in various simulations and throughout the calibration process. Specially: ES-FR. 
FR ES 0 

4 GALSI DZ IT 2539 Investment GALSI is a critical project. Present in all simulations. 

5 STORK 2 
PL CZ 764 No 

investment 
The project does not yield any strategic benefits and is expensive. The alternative PL-SK connection is more 
valuable. CZ PL 0 

6 PL-SK 
PL SK 747 

Investment Full PCI capacity invested in this project due to SK-UK becomes an important connection for Ukraine. 
SK PL 0 

7 BACI 
AT CZ 81 No 

investment 
Due to AT & CZ are well interconnected to other countries, this connection carries no additional benefits 

CZ AT 0 

8 KRK LNG LNG HR 376 Investment Croatia utilizes this LNG expansion fully. Important project 

9 IGB GR BG 199 Investment Expanding Greece LNG imports triggers this project investment 

10 AEGEAN LNG LNG GR 574 Investment LNG capacity expanded and affects investment in IGB project 

11 IBS 
RS BG 144 

Investment 
Project needed to cope with Serbia & Bosnia demand and perhaps to facilitate a corridor through Hungary. Full PCI 
capacity invested. BG RS 0 

12 HU-SI 
HU SI 104 

Investment Project is worth the investment as long as there is an expansion considered for the IT-SI connection. 
SI HU 0 

13 BRUA 

RO BG 813 

No 
investment 

HU-AT current capacity is enough, so no investment. RO-BG is very expensive and it does not bring any benefits or 
system flexibility. The model suggests investing 28 GWh/d in RO-HU due to a small surplus from RO production. 

RO HU 19 

HU RO 312 

HU AT 0 

15 ITB 
TR BG 202 

Investment 
Turkey's demand is the main motivation behind the investment. RAMONA suggested capacity investment: 81 
GWh/d BG TR 0 

16 BALTI 

LNG EE 375 
Partial 

investments 
No investment in the EE LNG station and in EE-LV connection. Russia provides plenty capacity to the Baltic 
countries. For this reason, RAMONA suggests investing in LT-PL (Full capacity of the GIPL project) which prompts 

EE LV 21 

LV EE 0 
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LT LV 79 investment decisions in two connections in BALTI: EE-FI (suggested capacity: 77.5 GWh/d) and LV-LT(suggested 
capacity: 43 GWh/d) LV LT 0 

EE FI 249 

FI EE 0 

17 BALTIC PIPE 
PL DK 999 No 

investment 
This offshore pipeline is expensive. It could become relevant if a NO-DK expansion is considered. 

DK PL 0 

18 GIPL 
PL LT 476 

Investment 
This project became relevant due to the extra capacity available from the partial investments in the "BALTI" 
projects. Result: Full PCI capacity invested. Note that this project investment could be ruled out if PL LNG expansion 
takes place. 

LT PL 0 
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3.3.2 Results of EGMM and WGMM 

EGMM and WGMM outputs show both the financial viability of the project and the effects on all stakeholders 

(consumers producers, traders) on the gas market. This allows for a detailed comparison of effects of the 

project. It should be noted that PCI label can be awarded if the project is beneficial on the EU level for the society 

but fails to reach financial viability. Projects with positive financial NPV can be designated as PCIs but should 

not be supported with EU funds.  

EGMM suggests that, the Shannon LNG terminal in Ireland is financially viable and shall be implemented on a 

market basis. Nevertheless, on the EU-28 level it has adverse effects on welfare (total welfare effects on the EU-

28 level are lower than in the hosting country): by commissioning the new LNG terminal, flows previously 

supplying Ireland transiting the UK are diminished.  

The Baltic cluster projects, the Krk LNG terminal and the ITB are both financially and economically viable on EU 

level and shall be implemented.  

The Interconnector between Poland and Lithuania (GIPL) is beneficial for Lithuania and for the Polish 

consumers, but by re-aligning the existing flow patterns the profits of Polish and German TSOs are diminished. 

Overall, EU-28 profits are slightly negative, but results for the social NPV in the hosting countries are positive. 

The CEF funding allocated to the Romanian section of the corridor which intends to connect Bulgarian, 

Romanian, Hungarian and Austrian systems (BRUA) fails to turn NPV to positive due to very high investment 

costs.  

Additionally the Trans-Adriatic Pipeline (TAP), the interconnectors between Greece and Bulgaria (IGB) and 

Bulgaria and Serbia (IBS) are also implemented and well utilized, but their CBA was not calculated as they have 

reached an FID and are hence part of the reference infrastructure. Altogether half of the projects from the 

shortened PCI list of 18 projects are not implemented. 

WGMM modelling results are corroborating the results for the internal EU pipelines and provide better founded 

results for projects connecting to external markets. The LNG projects are less utilised in the WGMM compared 

to the EGMM, but still they prove to be a sound investment, benefiting the hosting country and display a positive 

NPV. The GALSI pipeline providing another option for the Algerian gas to enter Europe is highly utilised in the 

WGMM. However, the high costs of the investment are not recovered by the benefits.  

Additional sensitivity assuming lower (decarbonisation) demand development was performed. Results are 

robust apart from a few projects, due to the shifting consumption pattern between the modelled countries. 

Shannon LNG and HU-SI projects turn from positive social NPV to negative, while GIPL (which is close to 0 NPV) 

turns from slightly negative NPV to slightly positive.  
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Table 13. Results of EGMM modelling in reference, Mn EUR 

   REF DECARBON  

  Investment 
cost 

Avg 
utilisation 

Benefits 
in 

hosting 
EU 

countries 

Benefits 
in EU28 

Social 
NPV 

hosting 
EU 

countries 

CEF 
grant 

Social 
NPV 
EU28 

Social 
NPV 

hosting 
EU 

countries 
(with 
CEF) 

Social 
NPV 
EU28 
(with 
CEF) 

Social 
NPV 

hosting 
EU 

countries 
(with 
CEF) 

Social 
NPV 
EU28 
(with 
CEF) 

 

GAS_01 Shannon LNG and pipeline 551 58% 1071 780 520 0 229 520 229 270 -148  

GAS_02 ES-PT 219 0% 0 0 -219 0 -219 -219 -219 -219 -219  

GAS_03 Midcat 333 0% 0 0 -333 0 -333 -333 -333 -333 -333  

GAS_04 Galsi 
1482* 
(2539) 

75% -2086 -826 -3568 0 -2308 -3568 -2308 -1482 -1482  

GAS_05 Stork II 764 17% 423 -267 -341 0 -1031 -341 -1031 -616 -680  

GAS_06 PL-SK 747 2% 63 -17 -684 108 -764 -576 -656 -629 -642  
GAS_07 BACI 81 0% 0 0 -81 0 -81 -81 -81 -81 -82  

GAS_08 Krk Lng 376 32% 624 858 248 101 482 349 583 71 6  

GAS_12 HU-SI 104 29% 330 113 226 0 9 226 9 -84 -102  

GAS_13 RO-BG 1144 39% 164 118 -980 0 -1026 -980 -1026 -274 -433  
 RO-HU  10%           

GAS_15 ITB 92* (202) 70% 850 870 758 0 779 758 779 1093 1482  

GAS_16 BALTI EE-FI 724 59% 3354 3311 2630 206 2588 2836 2794 5033 3527  

GAS_16 BALTI LT-LV  7%           

GAS_16 BALTI LV_EE  0%           

GAS_16 BALTI TALLIN LNG  53%           

GAS_17 Baltic pipe 999 4% 104 17 -895 0 -982 -895 -982 -954 -967  

GAS_18 GIPL 476 58% 519 100 43 353 -377 396 -23 141 10  

* cost related to EU-28, total cost indicated in brackets 

Table 14. Results of WGMM modelling 
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  Investmen
t cost 

 
Avg 

utilisatio
n 

Benefits 
in 

hosting 
EU 

countrie
s 

Benefit
s in 

EU28 

benefit/cos
t ration 
hosting 

countries 

Benefit/cos
t ration 

EU28 

Social 
NPV EU 
hosting 
countrie

s 

CEF 
gran

t 

Socia
l NPV 
EU28 

Social 
NPV 

hosting 
EU 

countrie
s (with 

CEF) 

Socia
l NPV 
EU28 
(with 
CEF) 

GAS_0
1 

Shannon LNG and pipeline 551  26.8% 609 136 1.1 0.2 609 0 -415 609 -415 

GAS_0
2 

ES-PT 219  0 0 0 0.0 0.0 -219 0 -219 -219 -219 

GAS_0
3 

Midcat 333  0 0 0 0.0 0.0 -333 0 -333 -333 -333 

GAS_0
4 

Galsi 1482  75% -604 656 0.0 0.0 -2086 0 -826 -2086 -826 

GAS_0
5 

Stork II 764  0.0% 0 0 0.0 0.0 -764 0 -764 -764 -764 

GAS_0
6 

Poland – Slovakia 
interconnector 

747  0.0% 0 0 0.0 0.0 -747 108 -747 -639 -639 

GAS_0
7 

BACI 81  0 0 0 0.0 0.0 -81 0 -81 -81 -81 

GAS_0
8 

Krk Lng 376  22.4% 1477 -112 3.9 -0.3 1101 101 -488 1202 -387 

GAS_1
2 

HU-SI 104  0.0% 0 0 0.0 0.0 -104 0 -104 -104 -104 

GAS_1
3 

RO-BG 1144  43.0% 967 908 0.8 0.8 -178 0 -236 -178 -236 

 RO-HU   0.0%         0 

GAS_1
5 

ITB 92  29.9% 2692 1452 29.3 15.8 2601 0 1360 2601 1360 

GAS_1
6 

BALTI EE-FI 724  17.5% 1877 782 2.6 1.1 1154 206 58 1360 264 

GAS_1
6 

BALTI LT-LV   4.9%          
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GAS_1
6 

BALTI LV_EE   11.7%          

GAS_1
6 

BALTI TALLING LNG   6.7%          

GAS_1
7 

Baltic pipe 999  7.6% 42 238 0.0 0.2 -957 0 -761 -957 -761 

GAS_1
8 

GIPL 476  77.1% 1179 -338 2.5 -0.7 703 353 -814 1056 -460 
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3.3.3 Results of GGM 

GGM results for the two scenarios (reference and decarbonisation) are shown in the tables below. The first 

analysis shows all endogenous capacity expansions of EU28 import pipelines and LNG terminals aggregated 

over the period until 2050. Capacities are reported in TWh/year (1 TWh = 0.0955 bcm, billion cubic meter). The 

expansions are endogenously determined by the GGM, while calibrating model outcomes for production and 

consumption to the PRIMES and WEO outlooks.  

Considering the short-list of PCI projects agreed earlier in the project, the Trans-Adriatic Pipeline (TAP), the 

Bulgaria and Serbia interconnector (IBS) and Greece and Bulgaria interconnector (IGB) have been exogenously 

included in the input data set as the Final Investment Decision (FID) has been taken.  

Table 5 and Table 6 show the endogenous capacity expansions by GGM for both scenarios, for PCI projects and 

other projects respectively 

Table 5 shows significant endogenous expansions in PCI projects GAS_06, GAS_07, GAS_08, GAS_12, GAS_13, 

GAS_17, GAS_18, and modest expansions for or related to PCI projects GAS_01, GAS_03, GAS_04 and GAS_16.  
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Table 15. PCI projects - aggregate endogenous expansions 2015-2050 in both scenarios. 

                                                                    

7 Informe de supervisión del mercado mayorista y aprovisionamiento de gas. Expediente IS/DE/004/17 
8 BP Statistical Review of World Energy 2017 

PCI 
Ou

t 
Inw 

plann
ed 

expa
nsion 

Ref 
endo

g 

Decar
b 

endo
g 

Ref % 
of PCI 

Decarb 
% of PCI 

Comments 

GAS_01 IE LNG 70.1 13.8 10.7 20% 15% 

Ireland gas supply depends on UK interconnection and domestic Corrib and Kinsale gas fields. 
Shannon LNG will give Ireland access to global LNG supplies and thereby a means to diversify 
supply. In regular situations the capacity of this import terminal is not needed. GGM invest just 20% 
or 15% of the PCI capacity for the Reference and Decarbonization scenarios respectively. However, 
if the capacity is available, it has a distinct positive social welfare impact for the EU28. 

GAS_02 ES PT 25.5     The GGM doesn’t invest endogenously in this PCI and returns no social welfare impact for the 
EU28. There are already two gas interconnections between Spain and Portugal with a total 
capacity of 52.56 TWh/year ESP-PRT and 29.2 TWh/year PT-ES. During 2016 the export net 
balance was of 1.64 TWh7 from Spain to Portugal. Nevertheless, the 3rd Interconnection Portugal –
Spain will favor the market integration of the Iberian Natural Gas Market (MIBGAS) and from the 
point of view of security of supply is necessary to meet the N-1 criterion for the Portuguese natural 
gas system, considering a total failure of the regasification terminal in Sines. 

 PT ES 25.5     

GAS_03 ES FR 83.9 3.4  4%  Spain and France have seven and four regasification terminals respectively and Spain is connected 
via pipeline to Algeria (Tarifa and Medgaz), which could be used to diversify gas supplied 
throughout the EU and reduce EU dependence on Russia. However, there are network constraints 
between Spain and France, as well as related north-south problems in the French network. GGM 
invests in this interconnection, but not significantly (around 4% interconnection ES-FR and 16% FR-
ES from the PCI planned capacities). This suggests that the model invests mainly in MIDCAT 
interconnection in order to integrate France with the Iberian Peninsula but not for allowing Spain 
LNG supply to flow to the rest of EU. The GGM returns a positive impact of 8.25 million EUR 
(extrapolated) in social welfare for the project. 

 FR ES 58.4 9.5  16%  

GAS_04 DZ IT 94.2     

This gas pipeline will run from Algeria to Italy via Sardinia. GGM doesn’t invest and displays no net 
benefit for the EU28. The rest of the models consider the GALSI project as critical. However, the 
GGM invests endogenously 58.2 TWh/year in the pipeline from Libya to Italy, up to predefined 
upper limit. This shows the necessity of increasing imports from the North of Africa as an 
alternative to Russian gas supply. Italy’s major supplier is Russia (35% of the demand8) and the 
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second most important exporter is Algeria (connected via pipeline through Tunisia with the Trans-
Mediterranean Pipeline). Italy is also connected to Libya with the Greenstream pipeline, can import 
gas from the northwest European hubs (Netherlands and Norway) and has also three regasification 
terminals. Therefore, Italy is well connected in terms of diversity of supply. 

GAS_05 CZ PL 80.0     

The aim of the Czech-Polish pipeline project (STORK II) is to increase the existing transmission 
capacity between the two countries strengthening the flexibility and reliability of natural gas 
transport and the integration of markets in Central and Eastern Europe. The GGM doesn’t invest in 
this project as Poland has plenty inward pipeline capacity (550 TWh/year and 50 TWh/year 
regasification). The extrapolated social welfare for the EU28 is negligible. 

GAS_06 PL SK 52.5 178.3 145.4 339% 277% This PCI is considered as critical. The GGM yields a high positive impact in social welfare (276 
million EUR Extrapolated) for the Poland – Slovakia Gas Interconnector and it invests more than 
three times the PCI capacity in the interconnection from Poland to Slovakia. This reflects the 
necessity of alternatives paths for Russian gas due to the stop on Russian gas flows through the 
Ukraine. Additionally, the connection of the Polish and Slovak gas networks may enable access to 
gas supplies from the Southern Corridor (supplies from the Caspian Sea region and access to LNG 
supplies from the Adriatic Sea) to Poland helping to ensure diversification and stability of gas 
supplies to both countries. 

 SK PL 63.7 10.1 7.6 16% 12% 

GAS_07 AT CZ 73.5 37.9 31.7 52% 43% In the Bidirectional Austrian-Czech Interconnector (BACI), GGM suggests that while there might be 
sufficient interest in shipping gas through Austria to Czech Republic (positive net benefit for EU) 
there is minimum interest in paying for flows in the opposite direction. However, GGM investment 
in Austria to Czech Republic interconnector is only 52% from the PCI project capacity in the 
Reference scenario and 43% in the Decarbonization. The whole project returns a positive social 
welfare impact of 74-77 million EUR (extrapolated). 

 CZ AT 73.5     

GAS_08 HR LNG 38.7 52.2 43.1 135% 111% 
KRK LNG in Croatia, allows LNG supplies to flow into the Balkans and Central Europe. GGM invests 
in this LNG terminal endogenously 35% more than the PCI capacity in the Reference scenario and 
11% more than the PCI capacity for the Decarbonization scenario. 

GAS_10 GR LNG 38.7     

Aegean LNG terminal, in northern Greece, will aim to supply gas to south-eastern Europe via the 
Interconnector Greece-Bulgaria (IGB), that will cross through Greece and will help Bulgaria to 
reduce its reliance on Russian gas. GGM doesn’t invest and displays no net benefit for the EU28. 
The IGB pipeline (Interconnector Greece-Bulgaria) and TAP PCI (Turkey, Greece, Albania and Italy) 
projects, which include Greece, have been exogenously included in the input data set as they are 
already FID projects. Additionally, an exogenous regasification capacity expansion from 54 
TWh/year to 145 TWh/year has been included. 

GAS_12 HU SI 13.9 18.7 19.7 134% 141% 
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^Notes to table: The first three columns indicate the PCI number and infrastructure. Column PCI planned is for comparison only. In this analysis they were NOT included. Ref and 

Decarb endog are the aggregate endogenous capacity expansions by the model in both scenarios. Ref and Decarb % of PCI are the endogenous capacity expansions indicate the 

ration of the endogenous expansions and the PCI plan 

 SI HU 13.9 19.6 17.3 141% 124% 
The GGM considers the Hungary Slovenia PCI gas interconnector as critical, investing 134% the PCI 
capacity in the HU-SI direction and 141% the PCI capacity in the other direction for the Reference 
scenario. Its importance is also displayed in the Decarbonization scenario. 

GAS_13 HU AT 53.1 6.3 11.8 12% 22% For the Corridor Bulgaria-Romania-Hungary-Austria (BRUA) the GGM invests heavily in the 
interconnection between Romania-Hungary (283% the PCI capacity). However, there is no further 
investment on the rest of the project pipelines except for a 12% of the PCI capacity in the 
interconnection between Hungary to Austria. In terms of impact in social welfare for the EU28, the 
project returns 119 million EUR (extrapolated). 

 HU RO 27.9     

 RO BG 10.7     

 RO HU 17.9 50.6 52.4 283% 293% 

GAS_15 BG TR 35.4     ITB Interconnection between Turkey and Bulgaria, enables diversification being an alternative 
supply route, giving access to all existing and future entry points and sources of Turkey, such as 
Azerbaijan and other natural gas and LNG spot supplies from the existing terminals in Turkey. The 
GGM only invest endogenously a 10% of the total capacity in the TR-BG direction but the whole 
project returns a positive discounted social welfare. 

 TR BG 35.4 3.4  10%  

GAS_16 EE FI 28.8 10.2 9.6 35% 33% From the BALTI project, the GGM only invests in the interconnection between Estonia and Finland 
and in Estonia’s regasification terminal. Estonia is connected via pipeline to Russia and to Latvia. 
The regasification terminal will allow Estonia to include non-Russian gas sources. Latvia and 
Finland would logically benefit from the Estonian LNG terminal and Baltic countries and Finland 
will be connected by pipeline. With the exception of Lithuania, who has its own regasification 
terminal, Baltic countries and Finland are heavily dependent on Russian supplies. The GGM yields a 
positive discounted social welfare impact for the BALTI project for the EU28. 

 EE LV 38.3     

 FI EE 28.8     

 LT LV 20.9     

 LV EE 15.3     

 LV LT 21.9     

 EE LNG 44.0 8.8 7.6 20% 17% 

GAS_17 DK PL 112.0     The Baltic Pipe project will enable the supply of gas from Poland to the Danish and Swedish 
markets. The GGM invest 48% the PCI capacity in this direction. 
At the same time, the Baltic Pipe creates a new gas supply corridor that makes possible to 
transport gas from fields in Norway to the Danish and Polish markets. However, GGM doesn´t 
invest in this flow direction. Additionally, this PCI project returns a negative discounted social 
welfare (-5.82 million EUR (extrapolated)). 

 PL DK 33.3 16.1 9.9 48% 30% 

GAS_18 LT PL 18.6     GGM invests in the gas interconnector in the flow direction Poland to Lithuania but not in the other 
direction. Nevertheless, the GGM yields a positive net benefit for the GIPL PCI interconnector for 
the EU28. 

 
PL LT 27.0 12.9 12.3 48% 46% 
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Next, Table 6 shows endogenous expansions in Europe for infrastructure not marked as PCI projects. Some of these can be interpreted as alternatives for PCI projects. For instance, 

the model recognizes the need for additional capacity, but does not consider geopolitical considerations or account for other project specific conditions which might favour the PCI 

project over the model result.  

 

Table 16. Non-PCI projects: aggregate endogenous expansions 2015-2050 (in TWh/y). 

Out Inw Ref 
endo

g 

Decarb 
endog Comment 

DE DK 20.0 
 

Denmark has initially one inward capacity from Germany of 37 TWh. This is expanded to 57 TWh in later years, in the reference scenario. In 
the decarbonisation scenario there is no endogenous investment. 

DK SE 14.8 6.5 There is an interconnection of 32.12 TWh between Denmark and Sweden. GGM invests in both scenarios in this interconnection. The Baltic 
Pipe project (PCI 17) connecting Poland and Denmark, will enable supply via Poland to the Danish and Swedish markets. 

CH FR 47.2 14.9 The GGM invests in the Interconnection between Switzerland and France, in that flow direction. It also invests in a regasification terminal in 
France (see row below). This shows the necessity of more capacity in France. 

FR LNG 62.3 13.0 The GGM invests in a regasification capacity adding to the three existing regasification terminals in France. 

IT SI 6.7 3.9 The GGM suggests increasing the gas interconnection between Italy and Slovenia. This interconnection will favor Slovenia access to North 
Africa gas (e.g., from Algeria) 

LY IT 58.2 58.2 The GGM invests in both first and second stage 58.2 TWh/year (which is the assumed maximum of 20% of existing capacity) in the 
interconnection between Libya and Italy. However, Libyan gas supply may not be available, and this result should rather be interpreted as 
support for PCI project 4: Algeria - Italy 

RU BY 302.3 246.3 The termination of Russian flows through Ukraine requires the consideration of options allowing Gazprom’s gas flows to Central and 
Eastern Europe. This investment reflects this necessity. 

UA LNG 105.9 105.3 The investment in a regasification terminal in the Ukraine is a direct consequence of the expiry of the current Russia-Ukraine transit (and 
supply) contract in 20199 

 

                                                                    

9 Ukraine has potential to construct an LNG terminal at the Black Sea. However, LNG tankers are not allowed to pass the Bosporus and Dardanelles straits of Turkey due to safety concerns. Until this 
constraint is lifted, no LNG from the global markets can reach Ukraine. 
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To assess the welfare impacts, we exogenously include PCI capacities for specific projects one at a time (PINT) into the model in the first model year after their commissioning, 

hence in in 2020 or 2025. The model can still endogenously invest in additional capacity. Since investment cost fall in the period before the commissioning year, we do not see a 

savings effect of not having to invest anymore in exogenously included capacities.  

 

Table 17. Aggregate EU28 discounted social welfare impact – Mn EUR (2015). 

   REFERENCE SCENARIO DECARBONIZATION SCENARIO 

PCI Name from cons prod trad TSO SSO  SW SW extrapolated cons prod trad TSO SSO  SW SW extrapolated 

GAS_01 Shannon LNG 2020 18.1 -3.3 1.4 -6.9 -0.2  9.0 43.65 25.9 -5.2 2.8 -13.5 -0.3  9.7 47.05 

GAS_02 ES-PT 2025       0.0        0.0  

GAS_03 MIDCAT 2025 69.0 -6.6 -35.4 -18.7 -6.5  1.7 8.25 83.0 -13.7 -35.0 -26.9 -3.5  3.9 18.92 

GAS_04 Galsi 2020       0.0        0.0  

GAS_05 Stork II 2020 -0.2 0.0 0.1 0.3 0.0  0.1 0.49       0.0  
GAS_06 PL-SK 2020 48.2 -8.2 3.3 13.1 0.4  56.9 275.97 52.6 -16.2 3.7 11.4 1.7  53.2 258.02 

GAS_07 BACI 2020 23.1 -2.7 -2.4 -5.3 2.4  15.2 73.72 25.8 -2.7 -1.8 -6.5 1.2  15.9 77.12 

GAS_08 Krk LNG 2020       0.0        0.0  

GAS_10 GR LNG 2020       0.0        0.0  

GAS_12 HU-SI 2020 1.2 -0.4 0.0 4.3 0.0  5.0 24.25 3.0 -1.4 0.2 3.0 0.0  4.8 23.28 

GAS_13 BRUA 2025 6.6 29.2 3.3 -14.9 0.5  24.6 119.31 7.5 26.8 1.7 -6.8 0.5  29.6 143.56 

GAS_15 ITB 2020 46.6 -16.3 -0.6 -24.3 0.1  5.6 27.16 17.6 -5.6 0.0 -3.1 0.3  9.2 44.62 

GAS_16 BALTI 2020 28.7 3.7 0.2 -17.6 0.2  15.3 74.21 30.3 3.7 0.1 -19.0 0.2  15.4 74.69 

GAS_17 Baltic pipe 2025 12.0 -0.8 1.3 -13.6 -0.3  -1.2 -5.82 26.4 -11.7 -0.8 -30.0 -0.1  -16.2 -78.57 

GAS_18 GIPL 2020 24.8 3.5 -2.7 -1.2 -0.5  23.9 115.91 20.8 7.5 -2.8 6.7 -1.4  30.9 149.87 

^Notes to table: EU28 SW impacts. Specification of column contents:  

▪ cons is consumer welfare, the triangle area between the inverse demand curve and the price;  

▪ prod is producer profits, the difference between the sales revenues to traders and the production costs; 

▪ trad is trader profits: the sales revenues to consumers, minus purchase cost from producers, minus costs (including congestion fees) for using transmission arcs and 

storages; 

▪ TSO and SSO are congestion fees minus investment costs for endogenous expansions. 

▪ SW: social welfare is the sum of the previous five. 

▪ SW extrapolated is the SW value extrapolated to account for the model only including every fifth year, including a discounting effect. 
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Table 18. PCI projects - summarized results 

PCI Name Significant endogenous expansions by GGM Social welfare analysis, considering EU28 agents only 
Conclusion – not 
considering 
investment costs 

 GAS_01 
Shannon LNG 
Ireland 

Modest 15%-20% of PCI capacity 
Modest. Consumers benefit significantly, over 100 Mn 
EUR; producers and TSO lose more than half of this gain. 

Hardly needed in 
regular situations 

 GAS_02 ES-PT None None 
Not needed in 
regular situations 

 GAS_03 Midcat  
Very minor, BUT in reference only. ALSO see below; FR 
expands regasification capacity significantly, and CH–FR 
pipeline especially in reference. 

Modest. Consumers benefit in the order of 400 Mn, but 
75%-85% of this lost by other agents. 

Consider in light of 
other expansions 

 GAS_04 Galsi 
NONE, BUT endogenously 58 TWh/year pipeline LY-IT, 
which may not be available in current market. 

None, but. Investments LY-IT occur in all runs in first two 
periods up to predefined upper limit 

Positive in light of 
other expansion 

 GAS_05 Stork II 
None. Poland has plenty inward pipeline capacity (550 
TWh/year and 50 TWh/year regasification). 

Negligible 
Not needed in 
regular situations 

 GAS_06 PL – SK  
Significant more than the PCI capacity in PL-SK, but not 
other way around: Minor expansions add up to 10.0 
TWh/year or 7.6 TWh/year (and see PCI 5). 

GGM invests more, no SW impact from exogenous PCI 
inclusion 

Positive 

 GAS_07 BACI 
Significant part of the PCI capacity AT-CZ (about half of 
it) 

Modest. Consumers gain in the order of 100 Mn EUR, and 
SSO 5-10 Mn EUR. Over one third of this lost by other 
agents. 

Unsure 

 GAS_08 KRK LNG Significant GGM invests more than the PCI capacity GGM invests more, no SW from exogenous inclusion. Positive 

 GAS_10 GR LNG 
None. But exogenous regasification capacity expansion 
from 54 to 145 TWh/y. 

None 
Not needed in 
regular situations. 

 GAS_12 HU-SI Significant more than PCI capacity in both directions GGM invests more, no SW impact exogenous inclusion. Positive 

 GAS_13 BRUA 
Significant more than the PCI capacity RO-HU – but no 
other. 

Modest. Producers gain in order of 150 Mn, consumers in 
order of 35 Mn EUR, TSO loses significantly. Final gain still 
in order of 100 – 125 Mn EUR. 

Positive for one 
pipeline 

 GAS_15 ITB Minimal expansion from TR-BG. 
Modest. Consumer benefit order 100 – 200 Mn EUR; in 
reference largely at the expense of producers and TSO, 
and only 30 – 45 Mn total SW gain remains. 

Not needed in 
regular situations 



Projects of Common Interest and  

Gas Producers Pricing Strategy  

 

Page 50 

 GAS_16 BALTI (Combi) 
Mixed, modest. Significant part of the PCI capacity 
pipeline EE-FI, about one third, and one fifth EE 
regasification terminal. BUT Regasification used by FI. 

Modest. Consumers gain 125 – 150 Mn EURO, but mostly 
at the expense of TSO. Total SW gain about 75 Mn EUR. 

Not needed in 
regular situations 

 GAS_17 Baltic pipe 

Significant part of PCI capacity: PL-DK, one third (10) to 
half (17). DK initially one inward from DE at 37 TWh. This 
is expanded to 57 in later years, in reference only. (See 
also PCI 5 and DK-SE connection). 

Consumers gain 50-100 mln, but overall negative impact, 
especially TSO. 

DK may need 
inward capacity 

 GAS_18 GIPL 
Significant part PCI capacity: PL-LT about half. No other 
see PCI5. 

Modest. Total gain order 120 - 150 Mn EUR. Consumer 
gain significantly, producers to some extent 

Consider 
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3.3.4 Comparison of modelling results 

Table 19. Comparison of modelling results 

  RAMONA EGMM WGMM GGM 

GAS_01 Shannon LNG and pipeline x x x x 

GAS_02 ES-PT - - - - 

GAS_03 Midcat x - - x 

GAS_04 Galsi x - - x 

GAS_05 Stork II - - - - 

GAS_06 Poland – Slovakia interconnector x - - x 

GAS_07 BACI - - - x 

GAS_08 Krk Lng x x x x 

GAS_09 IGB x in reference in reference in reference 

GAS_10 Aegean LNG x in reference in reference - 

GAS_11 IBS x in reference in reference in reference 

GAS_12 HU-SI x x x x 

GAS_13 RO-BG - - - - 
 RO-HU x - - x 

GAS_14 TAP and TANAP - in reference in reference in reference 

GAS_15 ITB x x x x 
GAS_16 BALTI EE-FI x x x x 

GAS_16 BALTI LT-LV x x x - 

GAS_16 BALTI LV_EE - x x - 

GAS_16 BALTI TALLING LNG - x x x 

GAS_17 Baltic pipe - - - x 

GAS_18 GIPL x x x x 

Note: x denotes the investment in new capacity. In case of RAMONA and GGM, the result is based on 

endogenous investment. In case of EGMM and WGMM, result is based on PINT NPV methodology, if NPV is 

positive in either the hosting countries or the EU-28 level. 
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Main reasons for the differences in the modelling results stem from (first) in the differences of the input data set 

on future infrastructure assumptions, (second) in the differences of infrastructure representation and (third) in 

the differences between the modelling methodologies, (fourth) differences in seasonality assumptions, and 

(fifth) market power assumptions. 

First: harmonisation of current infrastructure was performed before modelling, but future pipelines are 

different. As a coordinated hypothesis, all models expect no major transit flows via the Ukraine after 2019, but 

they offer different solutions for the missing supply routes. EGMM/WGMM assumes that projects listed in the 

latest TYNDP of ENTSOG (dec 2016) to have reached FID (Final Investment Decision) are part of the reference. 

The most important large pipeline projects are TAP / TANAP and Nord Stream 2.10 At the writing of this case 

study (Feb 2018) TAP is more than 2/3 completed,11 hence it is very likely to be commissioned by 2020. On the 

other hand Nord Stream 2 is in permitting phase12  with some construction contracts already awarded and 

pipelines produced. US sanction policy and opposition against this project might hinder the pipeline to be 

commissioned by 2019. RAMONA performs investment endogenously, but projects could only be selected from 

the shortlisted PCIs and this is why the investment into GALSI was reasonable. GGM was allowed to perform 

endogenous investment without restrictions, and the model suggested a new pipeline from Russia via Belarus 

to European markets and a new connection of Italian markets to Africa (Libya-Italy pipeline). 

Second: RAMONA does not have a storage representation, therefore the flexibility market is reduced, and more 

pipeline capacity is needed. The MIDCAT project might be an example for this. Storages are represented in both 

GGM and EGMM/WGMM, therefore no excess flexibility is needed, this might be the reason of lower investment 

need.  

Third: RAMONA and GGM analysed all infrastructure projects at the same time. The advantage of this 

methodology is that synergies between projects can be better captured. The investment into PL-SK and Baltic 

pipeline might be a result of such synergies.  

Fourth: considering seasonality, and higher willingness to pay in winter months will automatically lead to higher 

consumer surplus impact from additional capacity. Additionally, higher flow volumes will cause more 

bottlenecks and higher congestion fees. Also seasonal flows may have different directions, which would not 

show in a model with yearly average flows. 

Fifth: market power exerting suppliers have an incentive to diversify their consumer portfolio. This causes larger 

demand and willingness to pay for transportation capacity, even if total export amounts might be lower than in 

a perfectly competitive market. Moreover, considering market power behaviour of LNG suppliers in 

combination with high investment cost may make regasification capacity investment in Ireland less interesting 

than in a perfectly competitive market.  

The results are based on using PRIMES data accounting for net calorific values. Gross calorific values are about 

10% higher, and would have result in larger expansions and welfare impacts.  

3.3.5 Strategic behaviour assessment with EGMM 

If gas has a significant role in the decarbonisation, one has to consider the concentrated upstream nature of the 

European markets (ie. high import dependency and market concentration on the upstream). Investments in the 

                                                                    

10 These two projects aim to deliver gas to the EU from outside producers TAP delivers Azeri gas to Italy on a long term 
contract basis, while Nord Stream 2 intends to deliver additional gas to Norther Europe and to allow for further reduction of 
gas deliveries of Russia through Ukraine.  

11 https://www.tap-ag.com/pipeline-construction/construction-progress 

12  https://www.nord-stream2.com/media-info/news-events/nord-stream-2-receives-permit-for-german-territorial-waters-
82/ 
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European gas network may be affected by the pricing and marketing strategy of the upstream exporters/major 

suppliers.  

EGMM assumes perfect competition in the modelled region, not taking into account the strategic behaviour of 

major suppliers of Europe. GGM considers strategic behaviour by setting the market power of each traders on 

a scale between perfectly competitive and Cournot competition. For this reason, a separate analysis by EGMM 

was performed to show the effects of the PCIs on the strategic behaviour of Russia and Norway.  

Russia (~33%), Norway (~23%) and Algeria (~8%) 13  are the major pipeline suppliers of the EU-28. For this 

modelling exercise we considered Russia and Norway to be capable of strategic behaviour, ie. by setting the 

price of spot traded gas marketed on the European market unilaterally.14 Profit levels of Russia and Norway, 

consumer surplus and total welfare of EU-28 were assessed on a range of ±5 EUR/MWh compared to the 

reference case spot prices. Two states of the world were modelled, one with the PCIs selected by the models, 

and one without the new projects. Modelling was done for year 2030, to highlight how the dwindling European 

production affects both the option for market power exertion of the major actors and how this affects the 

feasibility of projects. 

The following PCIs are built by 2030 based on the results of Chapter 4: 

• GAS_01 Shannon LNG 

• GAS_08 Krk LNG 

• GAS_09 IGB 

• GAS_10 Aegean LNG 

• GAS_11 IBS 

• GAS_12 HU-SI 

• GAS_15 ITB 

• GAS_16 BALTI (Tallin LNG and Baltic pipelines) 

• GAS_18 GIPL 

Optimal choice of spot pricing is below the reference case spot prices, ie. both players may increase their profits 

by trading their production at a lower price, increasing their pipeline exports to Europe. When new PCI projects 

are commissioned, Norway is better off in 2030 offering higher discount.  

Table 20. Modelled optimal choice of spot gas pricing in EGMM, change of spot price compared to 
reference case, EUR/MWh 

EUR/MWh change RU NO 
 Without With Without With 

2030 -2 -2 -1 -4 

 

Comparing profit levels, it is apparent that the new infrastructure (especially the LNG regasification terminals) 

is creating option for alternative supply, cutting into the profits of the major suppliers. If these major players are 

allowed to accommodate to the changing nature of the markets, exporters are forced to sell at a lower spot 

price to maximize their profits. Therefore it can be concluded that PCI projects constrain the possibility for 

strategic behaviour of the major suppliers of Europe. 

Table 21. Modelled profit level of major gas suppliers to Europe in EGMM for 2030, Bn EUR/year (2030 
EUR) 

Profits, Bn EUR/year RU NO 

                                                                    

13 Based on Eurostat and IEA Gas trade flows in Europe database, 2016 

14 Algeria was assumed to be a price-taker, as Algerian does not market its production on a spot basis only by long-term 
contracts, as opposed to Norway and Russia. 
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Without With Without With 

2030 30.41 30.10 15.35 14.88 

 

Considering the European consumers and European welfare effects, significant welfare gains are modelled. If 

the selected PCI projects are commissioned, consumer surplus is increased by 460 Mn EUR/year. Total welfare 

effects are similarly 380 Mn EUR higher. The reason for the lower total welfare effects than consumer surplus is 

the fact that some European market actors (LTC holders and domestic European gas producers) lose profits due 

to the lower gas prices. Total investment cost of the selected infrastructure is 2600 Mn EUR (in real 2015 EUR), 

considering a 4% discount rate and 25 years of lifetime, the investments are recovered (NPV of 844 Mn EUR in 

real 2015 EUR considering the total welfare effects).  

Table 22. Modelled consumer surplus and total welfare change in EGMM for 2030, Mn EUR/year (2030 
EUR) 

MnEUR/year change Consumer surplus Total welfare 

2030 461 382 

 

Overall, strategic behaviour of the major pipeline suppliers of Europe can not jeopardize the PCI investment. 

PCI investments on the other hand have measurable effect on the profit levels and the strategy of the upstream 

pipeline suppliers: profits are lower in case the PCI projects are commissioned, mainly due to increased 

competition from the global LNG markets. European consumers surplus and total welfare is increased in the 

model runs which include the new PCI projects. Social benefits generated by the projects are covering the 

investment costs.  

3.3.6 Policy recommendations 

The decarbonization goals do not need much investment on gas infrastructure, as the demand projections of 

PRIMES (both reference and EUCO30) are showing a decreasing gas demand, that can be served by the current 

infrastructure. However, a limited number of PCIs are needed due to the decreasing domestic production within 

the EU. The results  are robust in this sense as four modelling tools using the same input data but different 

modelling approaches, geographical scope and data granularity delivered the same outputs. 

Despite certain differences in results, the models used in this case study analysis deliver very similar PCI lists to 

be implemented. Robust results are modelled by the four tools in all simulated scenarios, the following PCIs are 

to be commissioned: Shannon LNG terminal in Ireland, Krk LNG terminal in Croatia, Interconnector between 

Hungary and Slovenia, Interconnector between Turkey and Bulgaria, Baltic cluster (Tallin LNG and Baltic 

pipelines), Interconnector between Poland and Lithuania. Note that this investment need is highly influenced 

by the assumption that there is no Russian gas transited via the existing pipeline system in Ukraine after 2019. 

For several PCI projects none of the models provide support for their economic or welfare-based feasibility. 

These are the third interconnector between Spain and Portugal, the extension of capacities the Czech Republic 

and Poland (Stork II) and the BRUA pipeline due to high costs. 

Cost-benefit analysis should take into account and monetize the security of supply benefits related to capacity 

extensions. Considering disruption scenarios is likely to lead to more and higher reverse flow capacities, which 

especially in models with yearly resolution would never be invested in. EGMM analysis did account for a security 

of supply event in a January month disrupting the largest pipeline supplying the EU, which is Nord Stream 2. 

Security of supply welfare benefits were incorporated into the final NPV results with a 5% weight (the 

probability of a one-in-twenty years disruption). Still, the security of supply related benefits are small and do 

not change the PCI evaluation result significantly. This is due to the investments of the last decade leading to 

an already well-interconnected European gas network. 
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The results also highlight the importance of data input harmonization and the need to apply different 

infrastructure scenarios on future infra and to perform sensitivities on major infrastructure assumptions. 

Analysis shows that modelling is an appropriate tool to quantify benefits, and efforts to push decision makers 

to rely on them are well-founded.  

It should be also noted that the current PCI regulation creates a perverse incentive for investors to arrive to an 

unfeasible business plan which may qualify them for CEF funding. 

In the context of the SET-Plan objectives and the decarbonization of the energy system, it is not yet clear what 

role gas will play in the horizon until 2050. If gas-fired power will be used mainly as a backup for intermittent 

renewable generation, the expansions of the gas network will have other welfare consequences compared to a 

situation wherein gas-fired power combined with CCS will be base-load supply.  

Based on the results obtained in our analyses, we suggest that a broader perspective in PCI welfare analysis, 

considering intermittency and generation uncertainty of RES and other uncertain aspects, should be 

considered.  
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4 Pathway results - power networks 

4.1 Introduction: The network that will support the energy transition 

Grids are the backbone of the power system. They may play a specific role in each of the Pathways considered, 

which are, again, depicted in Figure 20. 

 

 

Figure 27. Characterization of the four Pathways defined within the SetNav project 

 

We highlight next some of the main functionalities of the grids, and specifically, the transmission one: 

• New transmission capacity is necessary to integrate large-scale renewable projects, as those being 

developed in the Directed Vision pathway 

• Transmission capacity is also able to provide support of several types (access to load centres, balancing of 

output variations, etc.) for the increasing amounts of renewable generation of many different types being 

deployed in the Diversification pathway. 

• Increasing the interconnection capacity among areas in Europe is essential to support large cross-border 

flows occurring in the Directed Vision pathway. 

• Additionally, network investments might be necessary to reduce the market power enjoyed by large 

incumbents in the National Champions pathway. 

Moreover, new capacity will bring some general benefits. This will be needed to relieve recurrent congestion, 

reduce system losses or increase the stability of the system. 

4.2 Methodology for Pathways analysis 

Within the analyses conducted for the pathways, two models have been employed together to compute the 

joint expansion of the generation, storage, and transmission in the European system, as well as the operation 

of the system in the study period considered. Three time horizons, or target years, have been considered in the 

analyses for each of the pathways: 2030, 2040 and 2050. Within each pathway, the development of the supply 

and infrastructure of the electricity system for each time horizon has been taken as the starting point to 
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compute the optimal expansion and operation of the system in the following time horizon, i.e. for the following 

target year. 

The two models employed within these analyses are the Enertile, and TEPES. Enertile is focused on computing 

the optimal expansion of the power system, including generation, storage, and transmission, this last being 

considered at an aggregated level. Taking as an input the optimal expansion of the generation and transmission 

provided by Enertile, as well as the optimal operation of the flexible demand and the storage facilities, TEPES is 

used, afterwards, to compute the optimal expansion of the transmission grid in Europe considering a finer level 

of granularity than Enertile. 

The interactions taking place between Enertile and TEPES, the exchange of information between them, and the 

results produced by each of the two models of use within the pathway analyses are depicted in Figure 21. 

 

 

Figure 28. Interactions between the Enertile and TEPES models, exchange of information between them, 
and results produced by each within the pathway analyses 

 

In the following paragraphs the functionality and main features of each of the two models are briefly described. 

4.2.1 Enertile description 

Enertile is an energy-system optimization model developed at the Fraunhofer ISI Institute for System and 

Innovation Research. It focuses on the computation of the optimal development of the power sector, including 

generation, and infrastructure (transmission and storage), but also includes other sectors (heating/cooling, 

transport). Together with the expansion of the power system, it computes the optimal operation of the system, 

i.e. it is jointly computing the optimal expansion and operation of the power system, taking the gross demand 

as an input to be managed. It has a high technical and temporal resolution. The Enertile model includes 

conventional generation, renewables, CHP or DSM with a high level of resolution. Thus, the potential for RES is 

calculated at a very detailed (grid) level. A representation of the electricity transmission grid considered by the 

Enertile model within Europe is provided in Figure 22. 
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Figure 29. Representation of the zones within the European system considered in the pathway analyses 
by the Enertile model. Each zone is represented using a specific colour. 

 

4.2.2 TEPES description 

TEPES performs power transmission expansion planning for large-scale systems. It is a model developed at the 

Comillas Pontifical University. When employed within the pathways analyses in SetNav, TEPES considers a 

detailed description of the grid (around 250 nodes, linearized power flows with ohmic losses), and around 80 

time snapshots to represent the yearly system operation. This model identifies the main optimal transmission 

corridors to reinforce. TEPES is a dynamic and stochastic (in demand, RES, etc.) optimization model. The 

candidate lines to be built are proposed by the model and include HVDC and PSTs. The output of the model 

includes a detailed estimate of the transmission grid development costs, the set of reinforcements of the 

transmission grid to undertake, the optimal operation of the system taking as an input the management of load 

and that of storage capacity, and other side variables related to the system operation like the nodal prices, the 

amount of production per power generation unit considered, the amount of fuel burnt, the amount of CO2 

emissions, etc. The model of the European transmission grid considered within the pathway analyses is depicted 

in Figure 23. 
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Figure 30. Detailed network model considered by TEPES within the pathway analyses 

 

4.3 (Preliminary) results computed within Pathways analysis for the power 

networks 

4.3.1 Overall preliminary results 

This section provides a summary of the main results computed for the several pathways in the analyses. These 

are depicted in Figure 24, which shows the annualized cost, according to the pathway analyses, of building the 

interconnection capacity in each time horizon and for each pathway among the set of areas defined within the 

transmission grid model considered by Enertile. Annualized costs are computed considering an annualized 

factor to derive the annual expenses in each network reinforcement undertaken based on the total capital, 

operation and maintenance cost of this reinforcement. 

As shown by the figure, the Diversification pathway is the most expensive in terms of network costs. The 

Directed Vision is, clearly, the second most expensive, while the cost for the two other pathways are quite 

similar. As it could be expected, the level of transmission investments increases with time in all the pathways. 

This effect is more relevant in the Diversification pathway, which has the highest associated cost. This makes it 

easier to dynamically adapt to the development of the system. 
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Figure 31. Annualized costs of the network developments undertaken to build the interconnection 
capacity among the transmission network areas considered in Enertile in the Infrastructure pathway 

analyses 

 

The next paragraphs summarize the results computed for each of the pathways in terms of the development of 

the transmission grid. 

 

4.3.2 Results for the Diversification pathway 

Within this pathway, Substantial investment is needed to provide back-up capacity. Extensive transmission 

capacity enhancements are needed to increase the transfer capacity between Spain and France. Analogously, 

there is the need to strengthen the interconnections between Central Europe and the neighboring areas. Thus, 

Germany sees a relevant increase of the interconnection to many of its neighbors. In addition, the 

interconnection between the UK and Continental Europe is increased. Lastly, some capacity is installed within 

the Nordic Region –which has largely been deemed to play a relevant role in the future as the storage of Europe-

, as well as to interconnect this area to Central Europe. 

Table 13 provides the total network investment costs incurred, within each of the most relevant countries, to 

build the transmission capacity required to host the energy transfers among areas in Europe resulting in the 

Diversification pathway. Besides this, Table 13 provides the total network investment costs incurred, within 

each of the most relevant countries, to build the transmission capacity required to host the energy transfers 

among areas in Europe resulting in the Diversification pathway. Results are provided in M€ 
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Table 23. Total network investment costs incurred, within each of the most relevant countries, to build 
the transmission capacity required to host the energy transfers among areas in Europe resulting in the 

Diversification pathway. Results provided in M€ 

 

 

Table 24. Total network investment costs incurred to build the interconnection capacity required to host 
the largest energy transfer flows between pairs of countries in Europe computed within the 

Diversification pathway. Results provided in M€ 

 

 

4.3.3 Results for the Directed Vision pathway 

Within the Directed Vision pathway, there is a great need for capacity in Central Europe, as well as between 

Central Europe and the periphery. Investments are more spread than in the Diversification pathway. The 

countries where the level of network investments is highest are France, Germany, Denmark, the UK, Italy and 

Spain. 

Table 15 provides the total network investment costs incurred, within each of the most relevant countries, to 

build the transmission capacity required to host the energy transfers among areas in Europe resulting in the 

Directed Vision pathway. Besides this, Table 16 provides the total network investment costs incurred, within 

each of the most relevant countries, to build the transmission capacity required to host the energy transfers 

among areas in Europe resulting in the Directed Vision pathway. Results are provided in M€ 
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Table 25. Total network investment costs incurred, within each of the most relevant countries, to build 
the transmission capacity required to host the energy transfers among areas in Europe resulting in the 

Directed Vision pathway. Results provided in M€ 

 

 

Table 26. Total network investment costs incurred to build the interconnection capacity required to host 
the largest energy transfer flows between pairs of countries in Europe computed within the Directed 

Vision pathway. Results provided in M€ 

 

 

4.3.4 Results for the Localisation pathway 

Within the Localisation pathway, there is a great need for capacity in Central Europe. Additional investments 

are needed in the UK and in the Nordic countries. The countries where the largest overall transmission network 

investments to host cross-border flows take place are Germany, France, Switzerland, Italy and Austria. 

Additionally, substantial investments might be needed at the intra-country and distribution levels. 

Table 17 provides the total network investment costs incurred, within each of the most relevant countries, to 

build the transmission capacity required to host the energy transfers among areas in Europe resulting in the 

Directed Vision pathway. Besides this, Table 18 provides the total network investment costs incurred, within 

each of the most relevant countries, to build the transmission capacity required to host the energy transfers 

among areas in Europe resulting in the Directed Vision pathway. Results are provided in M€ 
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Table 27. Total network investment costs incurred, within each of the most relevant countries, to build 
the transmission capacity required to host the energy transfers among areas in Europe resulting in the 

Localisation pathway. Results provided in M€ 

 

 

Table 28. Total network investment costs incurred to build the interconnection capacity required to host 
the largest energy transfer flows between pairs of countries in Europe computed within the Localisation 

pathway. Results provided in M€ 

 

 

4.3.5 Results for the National Champions pathway 

Within the National Champions pathway, network investments are the smallest of the four pathways. This is in 

line with the expectations, since, given that within this pathway conventional generation is especially relevant, 

flows in the grid in the pathway are closest to the current ones. Germany, France, Switzerland and the UK are 

the countries where the level of investments required to host cross-border flows is largest. Talking about specific 

borders, the largest investments would be needed to host the flows between Norway and the UK. 

Table 19 provides the total network investment costs incurred, within each of the most relevant countries, to 

build the transmission capacity required to host the energy transfers among areas in Europe resulting in the 

National Champions pathway. Besides this, Table 20 provides the total network investment costs incurred, 

within each of the most relevant countries, to build the transmission capacity required to host the energy 

transfers among areas in Europe resulting in the National Champions pathway. Results are provided in M€ 
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Table 29. Total network investment costs incurred, within each of the most relevant countries, to build 
the transmission capacity required to host the energy transfers among areas in Europe resulting in the 

National Champions pathway. Results provided in M€ 

 

 

Table 30. Total network investment costs incurred to build the interconnection capacity required to host 
the largest energy transfer flows between pairs of countries in Europe computed within the National 

Champions pathway. Results provided in M€ 

 

 

4.4 Comparison of the results computed across pathways 

Significant investment in the transmission network will be needed in any of the pathways considered. Thus, the 

transmission network will play a relevant role in any case. In particular, those pathways where large amounts of 

renewable generation are deployed within specific locations (Directed Vision and, mainly, diversification) are 

the ones where transmission network developments will be largest. The interconnection between Central 

Europe and the rest of the Continent will need to be significantly increased in all the pathways. Additionally, the 

level of investments to increase the transfer capacity between France and Spain will be very relevant in all the 

pathways as well. One last common feature of the development of the transmission network in all the pathways 

is the fact that interconnection between the UK and Norway will have to be heavily developed, together with 

the connection of each of these two areas to the rest of the Continent. 
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5 Pathway results - gas 

5.1 Methodology for Pathways analysis 

Since the case study has shown that all modelling frameworks produce the same results with regards to 

infrastructure investment, there is no need for the full replication of exercise, one model is sufficient to assess 

the infrastructure need. Therefore, we used EGMM to assess the infrastructure need in the natural gas sector 

for the Pathways scenarios. 

5.1.1 Data exchange framework 

For the modelling the possible infrastructure need of natural gas markets of Europe and to see how the 

stakeholders of gas sector are impacted by the decarbonization, a sectoral demand modelling was performed 

with building sector (Invert/EE-Lab), industry sector (FORECAST), transport sector (Astra) and heat and power 

sector (ENERTILE/TEPES) models. Gas demand is a primary input for EGMM. Our main outputs are the 

consumption level of natural gas per country on monthly granularity, wholesale price of natural gas, utilisation 

of gas infrastructure (interconnectors, gas storages, LNG regasification infrastructure), main sources of imports 

to European markets. Detailed results on the workings on the gas market allow for welfare analysis of new 

infrastructure. 

 

Figure 32. Schematic representation of data flows between models 

As a first step of data flows between models EGMM provided modelled country-level natural gas prices based 

on PRIMES EUCO30 and Reference 2016 demand assumptions for the demand sectoral models (Invert-EE/Lab, 

FORECAST and Astra. country-level prices provided to demand models are included in the Annex), which used 

this price as an input to assess energy consumption in their respective sector. An output of the sectoral models 

was the natural gas consumption with which the decarbonisation targets can be reached.15 This disaggregated 

sectoral gas consumption was then fed into EGMM to see how the new demand assumptions affect the gas 

market and what infrastructure developments are needed on the existing grid on the 2020-2050 time horizon. 

5.1.2 Defining pathways scenarios for gas sector modelling 

Pathways are decarbonisation scenarios drafted based on the findings of case studies in the SET-Nav project.16 

The four scenarios share the common assumptions that: 

                                                                    

15 For detailed modelling results, refer to the relevant sectoral report. 

16 Pedro Crespo del Granado, Ruud Egging (NTNU), Gustav Resch, Marijke Welisch (TU Wien), Charlie Wilson (UEA): 
Definition of SET-Nav pathways – Description and objectives. May 2018. An internal document compiled within the SET-
Nav project - Work Package 9, Task 9.2 
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• by 2050,85% GHG reduction is reached on an EU28 level compared to 1990 emissions. 

• Pathways have a 2030 intermediate GHG target (40% GHG reduction compared to 1990) in which policy 

adjustments or checkpoints might be included (e.g. lessons learnt from case studies). 

• All pathways follow the concept of the PRIMES reference scenario for the near future (2020) 

Scenarios were designed on two axes: 

• decentralisation versus path dependency 

o Path dependency scenarios assume a business-as-usual case, where the energy sectors are 

characterised by the current status quo and not prone to change. 

o Decentralisation scenarios incorporate the trend of higher use of small-scale technologies in power 

and heat generation, developments in the local energy grids as opposed to the current top-down 

design of energy systems. 

• cooperation versus entrenchment 

o Cooperation means higher integration of EU energy markets, infrastructure and policy. 

o Localisation solidifies the current level of integration of the European energy markets: some 

integration with isolated energy systems on the fringes of Europe (in case of gas markets). 

Based on these principles and the findings of the Case studies, the four Pathways scenarios were formulated. 

To allow for comparison of results, modelling teams have also constructed a Reference case, which is a business-

as-usual scenario for all sectors. Main features of the Pathways are highlighted in Figure 4. Demand sector 

modelling teams have translated these features of the pathways scenarios into their respective energy sector 

and were prompted with the research questions: 

1. What 2030 intermediate actions should be implemented to achieve 2050 targets? 

2. What next steps and priorities should be taken for the SET-Plan? 

3. How do policies (e.g. energy efficiency, carbon price, renewables support) complement each other to 

achieve the EU’s 2030 and 2050 targets? 

 

Figure 33. Main features of four storylines (Pathways) for the EU energy system 
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Gas market modelling is not focusing directly on these research questions, as 2050 targets are mainly affected 

by the demand sectors, not the infrastructure: the results of the demand sectors (i.e. the level of gas 

consumption) will have an effect on the natural gas markets in Europe. Our modelling highlights these effects 

on the stakeholders of the sector and how this affects market outcomes. 

Besides simply plugging in the demand figures of other modelling teams to our market model, we have 

identified the main messages of the Pathways scenarios for the gas markets. 

Besides the Pathways scenarios, a Reference scenario was created, which served as a business as usual case 

assuming non-decreasing gas demand in the main consuming sectors. We used Primes 2016 gas demand in the 

Reference scenario. Concerning all other assumptions, Reference scenario is identical with the National 

Champions scenario. 

On the decentralisation/path dependency axis we envisaged two main trends in gas markets – the future of 

biomethane and Russian strategy (including infrastructure plans regarding Europe): 

• Decentralisation means higher use of local resources and shifting the sector from the highly import 

dependent Europe to the increased production of greener gas. To model this effect, increasing biomethane 

production to the natural gas network was added in the Diversification and Localisation pathways, based 

on ENTSOG 2018 TYNDP Distributed Generation scenario.17 This scenario was selected because it had the 

highest level of biomethane injection to the natural gas networks. For the other scenarios (Reference, 

Directed Vision and National Champions) no additional biomethane production was considered. Increasing 

biomethane injections to the gas grid are assumed to keep EU gas production at 1000 TWh/year by 2050 in 

the Decentralisation scenarios (Localisation and Diversification) as opposed to the more conservative Path 

dependency scenarios (Reference, Directed Vision and National Champions), which show 500 TWh/year 

domestic production for the EU28. 

 

Figure 34. Domestic gas production in the EU28 for the four scenarios and the reference case 

• Assuming that its pricing strategy will not change, Russia is expected to keep or increase its market share 

in the shrinking European market for the Path dependence scenarios (Directed vision and National 

champions), while lower market shares are to be seen in the Localisation and Diversification scenarios. 

                                                                    

17 ENTSOG TYNDP 2018 Final Scenario Report Supply https://www.entsog.eu/sites/default/files/entsog-
migration/publications/TYNDP/2018/entsog_tyndp_2018_Final_Scenario_Report_Supply.xlsx 
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Russian gas marketing strategy regarding Ukraine and the future of major transit pipelines is of high 

uncertainty. TurksStream 1 is considered to be part of all scenarios. Nord Stream 2 and TurkStream 2 are 

assumed to be commissioned in the Path dependency scenarios (Directed Vision and National Champions, 

as well as Reference), while are not part of the scenarios in the Decentralisation cases (Diversification and 

Localisation). Consequently, if the alternative pipeline infrastructure Nord Stream 2 and TurkStream 2 are 

in place in the Path dependency scenarios, Russian long-term contracts are delivered on a different route 

to Europe, bypassing Ukraine. Routing and delivery points remain unchanged compared to 2018 market 

situation in the Decentralisation scenarios (Diversification and Localisation). 

Russian gas sales are possible via the Ukrainian system based on short-term, flexible contracts but not on 

long-term basis in all scenarios. 

• On the cooperation/entrenchment axis, the future development of the internal EU natural gas market was 

considered. In the cooperation scenarios (Diversification and Directed Vision) we assumed that no internal 

tariffs are to be paid in inter-EU28 interconnecting points, while for the Entrenchment scenarios, current 

(as of early 2019) tariffs are kept constant for the modelling period. 

Main assumptions for the Pathways scenarios are summarized in Table 2 below. 

Table 31. Main assumptions of Pathways and Reference scenarios 

Heading Reference Diversification Localisation Directed Vision 
National 

Champions 

Cooperation/ 
Entrenchment 

Entrenchment Cooperation Entrenchment Cooperation Entrenchment 

Path 
dependency/ 
Decentralisatio
n 

Path 
dependency 

Decentralisatio
n 

Decentralisatio
n 

Path 
dependency 

Path 
dependency 

EU28 
biomethane 
production 

Current High High Current Current 

Nord Stream 2, 
TurkStream 2 

yes no no yes yes 

Russian transit 
via Ukraine 

only spot yes yes only spot only spot 

EU28 gas 
consumption 

PRIMES 
reference 

Pathways Pathways Pathways Pathways 

Internal tariffs 
on EU28 
system 

current tariffs no tariffs current tariffs no tariffs current tariffs 

 

5.1.3 Building sector results 

Building sector results for the Pathways scenarios were obtained from Invert/EE-Lab modelling. 

Decarbonisation targets for the building sector may only be reached by strong degasification of the residential 

and non-residential building stock, assuming a complete ban on connection to the gas grid after 2030. 

Development of gas demand for the Localisation, Directed Vision and Diversification pathways is identical on 

the modelling horizon, dropping below 200 TWh/year in the EU28 by 2050. 
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Figure 35. Natural gas demand for the building sector, TWh/year 

5.1.4 Industry sector results 

Industry sectoral modelling was performed with FORECAST model. Results are identical for the path 

dependency scenarios (Directed vision and National Champions) and the decentralisation scenarios 

(Diversification and Localisation). Aggregated natural gas demand of the industry sectors is expected to fall 

below 1400 TWh/year by 2050 in the path dependency scenarios and below 750 TWh/year by 2050 in the 

decentralisation scenarios. 

 

Figure 36. Natural gas demand for the industry sector, TWh/year 

5.1.5 Transport sector results 

Transport sector shows a considerable increase in gas demand: compared to the 2010 basis of 4 TWh/year, 

combined natural gas, LNG, CNG and biomethane demand of the sector ranges from 85 TWh/year to 350 

TWh/year. Strongest demand growth is observed in the 2030-2040 period. Currently gas consumption in the 

transport sector is marginal, but even by 2050 this sector will be the least significant part of aggregated natural 

gas consumption in the Directed Vision and National Champions scenarios. In Diversification and Localisation 

scenarios however, this sector has the second highest gas consumption among the four. 
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Figure 37. Natural gas demand for the transport sector, TWh/year 

5.1.6 Power and heat sector results 

Power and district heating sector18 gas consumption were provided by Enertile.19 Demand in the Pathways 

scenarios is shrinking to 300-400 TWh/year from the 1200 TWh/year in 2015. Increasing demand in the reference 

case is not a modelling result. 

 

Figure 38. Natural gas demand for the power and heating sector, TWh/year 

5.1.7 Total gas demand assumptions 

Total gas demand is made up as the simple sum of the four sectors (buildings, industry, transport, power and 

heat sector). From the 2015 basis of 5000 TWh/year, all pathways scenarios display a significant decrease in gas 

                                                                    

18 Heat demand of local heat grids and district heating is included in the power and heat sector, while heat produced and 
consumed in the buildings in site is included in the building sector heat demand.  

19 By the time of modelling, Enertile and TEPES iterations were ongoing. The demand figures we present for the various 
pathways may not be identical with the final modelling results of Enertile.  
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demand. Reference scenario (based on Primes 2016 reference gas demand) is stagnating at the 5000 TWh/year 

level. 

 

Figure 39. Total natural gas demand of the EU-28, TWh/year 

 

Figure 40. Share of the four demand sectors in total gas consumption, TWh/year 

In the Diversification scenario gas consumption in the building sector shrinks with ~1500 TWh/year from 2015 

to 2050. Heat demand of the buildings is supplied from other, renewable sources of energy. Considerable 

technological developments in the industry sector make it possible to decrease natural gas consumption by 

40%, ~1400 TWh from 2015 to 2050. Gas consumption in the Transport sector surges from 8 TWh/year in 2015 

to 285 TWh/year. Power and heat sector gas consumption shrinks from 1250 TWh/year in 2015 to 270 TWh/year 

by 2050. 
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In the Localisation scenario building sector gas consumption falls with ~1500 TWh/year from 2015 to 2050. 

Industry sector gas consumption is identical with the diversification scenario, i.e. ~1400 TWh decrease in 

consumption from 2015 to 2050. Gas and renewable gas consumption in the transport sector increases to 350 

TWh/year by 2050. Power and heat sector gas consumption diminishes with 1000 TWh/year from 2015 to 2050. 

In the Directed vision, scenario gas consumption of space heating and hot water in buildings is reduced with 

~1500 TWh/year. Compared to Localisation and Diversification scenarios, gas consumption of industry drops at 

a smaller extent by ~700 TWh/year from 2015 to 2050, but still considerably compared to the Reference scenario. 

Transport sector gas consumption increases to 100 TWh/year. Power and heat sector gas consumption 

contracts with ~800 TWh/year from 2015 to 2050. 

In the National Champions scenario gas consumption in buildings is shrinking somewhat slower than in other 

scenarios, with 1100 TWh/year from 2015 to 2050. Industry sector trajectory of gas consumption follows the 

same path as the directed vision, dropping by ~700 TWh/year. Power and heat sector gas demand is ~900 

TWh/year lower in 2050 than in 2015. 

To sum up, all Pathways scenarios show: 

• Significant decrease of total gas consumption: Total gas consumption falls from the current ~5000 

TWh/year to the ~1500-2500 TWh/year range. 

• Change in patterns of main consuming sectoral gas consumption: Relative share and significance of 

highly temperature-dependent and seasonal gas consuming sectors such as building sector and power 

sector accounted for 60% of gas consumption. Consumption levels in these sectors is expected to shrink to 

~30%-40% in the Pathways scenarios. Industry and transport sector gas consumption has no seasonal 

pattern whatsoever. This shift from the currently seasonal nature of gas consumption has detrimental 

effect on the existing natural gas infrastructure, as storage facilities and pipelines are accommodating 

highly seasonal swings. 20 

Table 32. Natural gas consumption of the four demand sectors in total gas consumption, TWh/year 

 TWh/year 2015 2020 2025 2030 2035 2040 2045 2050 

Reference 

Buildings 1664 1520 1413 1315 1232 1163 1123 1090 

Industry 
209

9 
2017 2010 2011 2009 2002 1996 1988 

Transport 8 18 28 38 49 62 73 85 

Power and heat 
sector* 

1284 1420 1555 1493 1592 1692 1795 1898 

Total 5055 
497

5 
500

6 
485

7 
488

3 
491

9 
498

7 
506

1 

Diversification 

Buildings 1656 1479 1303 1137 791 496 267 123 

Industry 
209

9 
1794 1562 1384 1204 1031 879 724 

Transport 8 18 34 65 118 190 246 285 

Power and heat sector 1257 1265 1246 1228 937 645 459 272 

Total 5021 
455

6 
414

6 
381

4 
3050 2362 1851 

140
4 

Localisation 

Buildings 1656 1474 1301 1136 794 496 272 118 

Industry 
209

9 
1794 1562 1384 1204 1031 879 724 

Transport 8 19 38 77 145 238 309 353 

Power and heat sector 1257 1119 954 789 730 671 477 284 

                                                                    

20 Modelling did not consider the effect of this phenomenon of the Pathways scenarios.  
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Total 5020 
440

5 
3855 3387 2873 2436 

193
8 

147
9 

Directed vision 

Buildings 1657 1477 1295 1118 770 470 251 110 

Industry 
209

9 
1832 1695 1608 1536 1471 1418 1376 

Transport 8 17 27 42 57 72 86 101 

Power and heat sector 1257 960 637 313 372 431 441 451 

Total 5022 
428

7 
3654 

308
2 

2735 
244

4 
219

6 
203

8 

National 
champions 

Buildings 1671 1507 1346 1161 962 806 675 571 

Industry 
209

9 
1832 1695 1608 1536 1471 1418 1376 

Transport 8 18 32 57 103 170 222 254 

Power and heat sector 1257 997 711 424 421 417 392 368 

Total 5035 
435

4 
3783 3251 3021 

286
3 

2707 
256

9 

Source: REKK based on demand sector models (Invert/EE-Lab, FORECAST, ASTRA), Enertile, PRIMES 2016 

*Calculated from PRIMES 2016 reference, not a modelling result. 

Table 33. Relative share of the four demand sectors in total gas consumption, % 

  201
5 

202
0 

202
5 

203
0 

203
5 

204
0 

204
5 

205
0 

Reference 

Buildings 33% 31% 28% 27% 25% 24% 23% 22% 

Industry 42% 41% 40% 41% 41% 41% 40% 39% 

Transport 0% 0% 1% 1% 1% 1% 1% 2% 

Power and heat 
sector* 

25% 29% 31% 31% 33% 34% 36% 38% 

Diversification 

Buildings 33% 32% 31% 30% 26% 21% 14% 9% 

Industry 42% 39% 38% 36% 39% 44% 48% 52% 

Transport 0% 0% 1% 2% 4% 8% 13% 20% 

Power and heat sector 25% 28% 30% 32% 31% 27% 25% 19% 

Localisation 

Buildings 33% 33% 34% 34% 28% 20% 14% 8% 

Industry 42% 41% 41% 41% 42% 42% 45% 49% 

Transport 0% 0% 1% 2% 5% 10% 16% 24% 

Power and heat sector 25% 25% 25% 23% 25% 28% 25% 19% 

Directed vision 

Buildings 33% 34% 35% 36% 28% 19% 11% 5% 

Industry 42% 43% 46% 52% 56% 60% 65% 68% 

Transport 0% 0% 1% 1% 2% 3% 4% 5% 

Power and heat sector 25% 22% 17% 10% 14% 18% 20% 22% 

National 
champions 

Buildings 33% 35% 36% 36% 32% 28% 25% 22% 

Industry 42% 42% 45% 49% 51% 51% 52% 54% 

Transport 0% 0% 1% 2% 3% 6% 8% 10% 

Power and heat sector 25% 23% 19% 13% 14% 15% 14% 14% 

Source: REKK based on demand sector models (Invert/EE-Lab, FORECAST, ASTRA), Enertile, PRIMES 2016 

*Calculated from PRIMES 2016 reference, not a modelling result. 
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5.2 Infrastructure and global market assumptions 

5.2.1 Infrastructure assumptions 

Model infrastructure dataset is based on ENTSOG Transmission Capacity Map 1. July 2017 edition. Minor 

adjustments were performed, e.g. L-gas network was not considered in the network representation and some 

storage points were re-located to the transmission system they are actually linked to (e.g. some German 

storages connected to the Dutch natural gas transmission system). 

5.2.1.1 Pipeline infrastructure 

New capacities compared to the 2017 ENTSOG capacity map included in the 2020 infrastructure were pipelines 

which received a final investment decision (FID) and will be implemented with high probability. The 

interconnectors listed below are those future infrastructure that are included in all Pathways scenarios as well 

as the Reference scenario. 

Table 34. New Pipeline infrastructure included in the Reference scenario and the Pathways scenarios 

Border 
Capacity, 
GWh/day 

Date of 
commis-

sioning 
Reference 

Diver-
sification 

Localisati
on 

Directed 
vision 

National 
Champion

s 

HR-SI 162 2018 x x x x x 

IT-AT 189 2018 x x x x x 

GR-
AL_TAP 

40 2018 x x x x x 

RO-HU 49 2018 x x x x x 

HU-RO 77 2019 x x x x x 

FI-EE 79 2019 x x x x x 

EE-FI 79 2019 x x x x x 

PL-LT 
(GIPL) 

73 2018 x x x x x 

LT-PL 
(GIPL) 

51 2020 x x x x x 

EE-LT 105 2019 x x x x x 

LT-EE 42 2019 x x x x x 

AZ-GE 855 2019 x x x x x 

PL-SK 175 2019 x x x x x 

SK-PL 144 2019 x x x x x 

RU-TR 425 2019 x x x x x 

RU-TR 425 2020 x   x x 

RU-DE 3798 2020 x   x x 

RO-BG 715 2020 x x x x x 

BG-GR 109 2020 x x x x x 

5.2.1.2 LNG regasification infrastructure 

Technical capacities were extracted from the ALSI+ database. Daily DTRS (Declared Total Reference Send-out) 

capacities were considered on a country level. LNG regasification tariffs were obtained from the terminal 

operators’ website. LNG terminal investments were based on ENTSOG TYNDP Low infrastructure scenario, and 

additionally the Croatian LNG terminal was included, since it received an FID and financing from the Croatian 

Government in early 2019. 

Table 35. LNG regasification terminal capacities to be included in modelling 

Terminal Country Status Capacity, GWh/day Commissioning 

Krk (HR) HR FID 109 2021 

Krk (HR) Phase 2 HR FID 163 2024 
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Świnoujście LNG expansion PL FID 246 2024 

Source: REKK assumptions based on ENTSOG TYNDP 

 

5.2.1.3 Storage facilities 

2018 December revision of the GIE Storage database was utilised for the storage working gas, injection and 

withdrawal capacities. Storage injection and withdrawal curves were also considered in the analysis, ie. lower 

storage fill-up rates allow for lower availability of withdrawal capacities.21 

Country-level technical working gas, injection and withdrawal data are presented for reference in the Annex. 

Storage investments are minor compared to the existing capacities. Storage tariffs are fixed on the level of 1 

€/MWh for each facility – that are close to the variable cost of the facilities. This minimum tariff value is based 

on observed summer winter spreads between 2016-2018. 

Table 36. New storage investments in the Reference scenario and all Pathways scenarios 

Facility Country Working gas Injection Withdrawal Star-up 

  TWh GWh/day GWh/day  

Bordolano phase II IT 7 109 185 2019 
Botas Tarsus TR 11 319 319 2020 
Silivri (Marmara) TR 46 638 638 2020 

 

5.2.2 Other assumptions 

Flat oil price was assumed for the modelling horizon. Long-term contracts in force were based on the data 

collection of REKK. Price and delivery point of long-term contracts is fixed, but we consider no minimum take-

or-pay obligations to be effective. Russian and Norwegian spot gas is sold to Western European markets. The 

pricing of this gas is set to maximize profits of the gas suppliers. 

Domestic European gas production is priced to be the cheapest source of natural gas for European consumers, 

on a marginal cost basis. Production figures were based on ENTSOG and PRIMES inputs (See Chapter 3.2 and 

Figure 5 for the assumptions on gas production in Europe). 

External suppliers (Russia, Norway and North African producers) provide gas on a marginal cost basis and are 

only constrained by the infrastructure capacity. 

LNG shipping rates applied consider the daily charter rate of the LNG vessels, the fuel consumption and all 

applicable canal fees. LNG supply is flexible and is priced based on the notion that Europe is a market of last 

resort for LNG. LNG liquefaction terminals are allowed to sell their gas to Asian markets (China, South Korea 

and Japan) and to European markets. Price of LNG supply from each liquefaction terminal is calculated to each 

individual regasification terminal as the opportunity cost of not selling to Asian markets, considering the 

relevant transport costs. Monthly gas consumption patterns were based on historical data on country level. No 

adjustment was made in the 2020-2050 time horizon due to the possibly changing seasonal pattern (i.e. higher 

share of non-seasonal sectors such as industry and transport, and diminishing gas consumption in historically 

relevant seasonal consumers such as buildings and heat plants). 

5.3 Summarizing effects in the gas sector 

By introducing structural changes and detrimental assumptions on the gas demand of the EU28, a bleak picture 

of the natural gas sector is shown. Although consumers realise considerable cost reduction compared to the 

                                                                    

21 For a detailed description see Annex 1, Analysis of the storage withdrawal curves in REKK-Tractebel- Energy Markets 
Global (2017): Follow-up study of the LNG and storage strategy. 
https://ec.europa.eu/energy/sites/ener/files/documents/follow_up_study_lng_storage_final_01.pdf 
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reference case, infrastructure operators, producers, traders lose their traditional revenue streams and need to 

re-think the current business model. Cost reductions on the consumer side need to be contrasted with the 

investment costs of switching to alternative fuels and the operating cost of new fuels. This exercise was already 

performed in the demand sector report. 

• Consumers switch to alternative fuels and realise savings in their gas bill due to price and volume effect. We 

expect that decreased import dependency helps the negotiation potential of Europe. Oversupply on 

international gas markets brings lower import prices for Europe. 

• Midstream gas supply actors (Infrastructure operators) are losers of the decarbonisation. 

• Lower infrastructure use may induce technical problems on the gas network (e.g. pressure problems) as 

well as jeopardize the financing of the current network with current tariff levels. Considerable increase in 

tariffs is envisaged. 

• Storage operators would experience higher utilisation and revenue streams in the Reference scenario. 

However, in the Pathways scenarios their market disappears and no need for seasonal storage is observed. 

Power sector results indicated that short-term flexibility provided by storages may be necessary in the 

decarbonisation pathways. The current tariff structure and operating mode of storage infrastructure is not 

focusing on much more the volumes and short-term products bring only small part of the revenue. A 

restructuring of the business model is needed, otherwise the existing storage capacities will run under-

utilized and may be decommissioned. 
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5.4 Evaluation methodology 

PCI projects (see detailed project data in next chapter) were evaluated according to requirements set forth in 

Regulation 347/2013. Our evaluation process follows ENTSOG methodology22 as closely as possible, especially 

regarding the assumptions to build the base case scenario and the parameters for the CBA. 

In order to evaluate the infrastructure projects, we calculate NPV, one of the main indicators of cost benefit 

analysis. Accordingly, changes in socio-economic welfare are estimated with the discounted net benefits 

(benefits minus cost) that the individual project can bring to EU28. 

According to the guidelines the following benefits of the project have to be taken into account: 

• Contribution to market integration and price convergence 

• Security of gas supply 

• Contribution to enhanced competition 

• Sustainability which includes contribution to reduce emission (CO2 savings) 

These social-economic benefits were monetized using market modelling carried out with EGMM. This model 

calculates for the evaluation period the discounted sum of overall welfare change of all market participants 

(welfare changes of stakeholders are equally weighed): 

• Consumer surplus [to consumers] 

• Producer surplus (or short-run profit, excluding fixed costs) [to producers] 

• Profit on long-term take-or-pay contracts [to importers] 

• Congestion revenue on cross-border spot trading [to TSOs] 

• Cross-border transportation profit (excluding fixed costs) [to TSOs] 

• Storage operation profit (excluding fixed costs) [to Storage System Operators] 

• Profit on inter-temporal arbitrage via gas storage [to traders] 

• Congestion revenue due to constrained regasification capacities [to LNG operators] 

• Profit of LNG operators [to LNG operators] 

In line with the ENTSO-G methodology we assume a Social Economic Discount Rate (SEDR) of 4% and 25 years 

lifetime of projects. 

Changes in these welfare components due to price changes capture the market integration benefits and 

competition related benefits. 

The security of supply benefits are measured by the change in economic welfare in the case of a gas supply 

disruption. This disturbance is assessed as a 100% reduction of gas deliveries on the interconnectors from Russia 

                                                                    

22  The approved Energy System Wide Cost-Benefit Analysis Methodology is available here: 
https://www.entsog.eu/public/uploads/files/publications/CBA/2015/INV0175-150213_Adapted_ESW-
CBA_Methodology.pdf 

The 2nd CBA guideline is available here: https://www.entsog.eu/methodologies-and-modelling#2nd-cba-methodology 

https://www.entsog.eu/public/uploads/files/publications/CBA/2015/INV0175-150213_Adapted_ESW-CBA_Methodology.pdf
https://www.entsog.eu/public/uploads/files/publications/CBA/2015/INV0175-150213_Adapted_ESW-CBA_Methodology.pdf
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to Germany (through Nord Stream 1 and 2) in January for one month. 23 The difference in welfare between 

supply shocks scenarios with and without the project represent the SOS benefit. 

To calculate the project related aggregate change in socio-economic welfare for a given year, we calculate the 

weighted sum of project related welfare changes under normal and SOS conditions. Weights are the assumed 

probabilities for normal and SOS scenarios to occur (95% normal, 5% supply disruption). 

Sustainability benefits are estimated by the reduction in greenhouse gas emissions. For gas infrastructure 

projects, this is estimated by multiplying the corresponding change in the countries’ CO2 emissions with an 

exogenous carbon value. The modelled change in gas demand alters the average primary energy mix without 

crowding out renewables. 

The incremental impact of a project is highly dependent on the level of infrastructure development it is 

compared against. In line with ENTSO-G methodology, the incremental approach is used, according to which 

projects are evaluated compared to a reference case which includes only infrastructure projects already 

possessing an FID or being under construction by the time of this Report). 

Projects are assessed in a PINT methodology (Put-in-one-at a time), which means the following logic: a without-

project case for the time period 2020-2050 is simulated, then projects are inserted to the without-project case 

on a one-by-one basis. Welfare results are calculated for both with project and without project scenarios, and 

the difference of welfare in these two cases is considered the gains offered by the project, while one-off 

investment cost is assumed the only cost incurred by the investment. O&M costs are considered to be recovered 

by tariffs applied on the new infrastructure element. 

  

                                                                    

23 To largest volumes from the largest supplier are delivered to Europe by Nord Stream 1+2 in all scenarios, hence it was 
selected for simulation of an N-1 supply disruption.  
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5.5 List of projects to be analysed 

In our Issue Paper on Projects of Common Interest and gas producers pricing strategy, the PCI projects of the 

2nd PCI list were analysed in 2017. Table 11 gives a short summary of projects analysed in the case study and the 

ones assessed in this Pathways report. 

Table 37. List of PCIs analysed in the Case study on Projects of Common Interest and gas producers 
pricing strategy 

No. Short name Case study result Analysed in Pathways report?  

1 Shannon LNG x yes 

2 ES-PT - yes 

3 MIDCAT - yes 
4 GALSI - no 

5 STORK 2 - yes 

6 PL-SK - in reference (FID) 

7 BACI - yes 

8 KRK LNG x in reference (FID) 

9 IGB in reference in reference (FID) 

10 LNG GR in reference no 

11 IBS in reference in reference (FID) 

12 HU-SI x yes 

13 BRUA - yes 

14 TAP and TANAP in reference in reference (FID) 

15 ITB x in reference (FID) 

16  BALTI EE-FI x in reference (FID) 

 BALTI LT-LV x yes 

 BALTI LV_EE x in reference (FID) 

 BALTI TALLIN LNG x no 

17 BALTIC PIPE - yes 

18 GIPL x in reference (FID) 

+ Eastring n.a. yes 
+ Gothenburg LNG n.a. yes 

Note: x refers to projects with a positive NPV. n.a. means not analysed. 

We can not replicate our full analysis of 201724, as many pipelines and infrastructure elements we evaluated that 

time got commissioned or an FID status already. We have identified Krk LNG, ITB, pipelines interconnecting the 

Baltic states and the GIPL interconnector as PCIs with positive net social benefits, i.e. projects to be supported, 

and these infrastructures received and FID. One project for which we could not identify positive NPV received 

an FID as well: the PL-SK interconnector. 

GALSI pipeline, GR LNG and Tallin LNG were not analysed in the Pathways, since they were not included in the 

3rd PCI list.25 

We have formulated a shortlist based on the same principles listed in the case study report. Using pre-defined 

selection criteria, we narrowed down this list to a more manageable number of projects for analysis, which helps 

to conduct a sound but efficient analysis. Selection criteria applied were: 

                                                                    

24 The Issue Paper on Projects of Common Interest and gas producers pricing strategy is available at the project website . 
http://www.set-
nav.eu/sites/default/files/common_files/deliverables/WP6/D6.5%20Issue%20Paper%20on%20PCI%20and%20gas%20pro
ducers%20pricing%20strategy.pdf 

25 Commission Delegated Regulation (EU) 2018/540 of 23 November 2017 amending Regulation (EU) No 347/2013 of the 
European Parliament and of the Council as regards the Union list of projects of common interest. https://eur-
lex.europa.eu/legal-content/en/ALL/?uri=CELEX%3A32018R0540 



Infrastructure report  

 

Page 80 

1) PCI should have effect on cross-border capacities or LNG import capacities. Since in all models involved 

in the analysis each node represents a country-level market, projects affecting internal market capacities 

can only be analysed if they have significant cross-border effect. 

2) Storages are not analysed. Storage infrastructure in the European market is over-built and under-utilised. 

Summer-winter spreads have diminished and do not allow cost recovery. For this reason, investment into 

storages is not considered. 

3) One project is selected from competing infrastructure. PCI projects may present a possibility of 

developing either one route or another, or placing an LNG terminal in either one of two neighbouring ports. 

In this case, only one infrastructure is selected. Out of the competing projects, the one with CEF funding 

will be selected. (Eg. BRUA/TESLA/Eastring) 

4) Project connects a market with no gas consumption to the grid. Modelling new market connections is 

possible but poses great difficulties for correctly estimating demand. Therefore we omit connection to new 

gas markets. 

5) Stand-alone reverse flow projects are not evaluated. Stand-Alone reverse flows are to be considered 

obligatory projects by the regulation 994/2013 

 

Using the 3rd PCI list as reference, the following shortlist was created and assessed on the aforementioned 

Pathways and Reference scenarios. 

Table 38. List of PCI projects to be analysed 

No. Short name 
From 

market 
To 

market 
Maximum 

flow 
Year of 

commissioning 

Investment 
cost from 

market 

Investment 
cost to 
market 

1 SHANNON LNG LNG IE 191 2022 - 551 

2 ES-PT 
ES PT 70 2024 81 137 
PT ES 70 2024 - - 

3 MIDCAT 
ES FR 230 2024 333 0 
FR ES 160 2024 - - 

4 EASTRING 

TR BG 618 2025 0 0 
BG RO 618 2025 496 0 
RO HU 618 2025 0 0 
HU SK 618 2025 1025 0 
BG TR 618 2025 0 0 
RO BG 618 2025 419 0 
HU RO 618 2025 0 0 
SK HU 618 2025 115 0 

5 STORK 2 
PL CZ 153 2022 418 346 
CZ PL 219 2022 - - 

6 BACI 
AT CZ 201 2024 71 10 
CZ AT 201 2024 - - 

7 HU-SI 
HU SI 38 2023 50 55 

SI HU 38 2023 - - 

8 BRUA 
RO HU 77 2023 0 19 
HU RO 77 2023 312 0 
HU AT 146 2023 - - 

9 Balti 
LT LV 57 2023 0 79 
LV LT 60 2023 - - 

10 BALTIC PIPE 
PL DK 91 2022 499 499 
DK PL 307 2022 - - 

11 GOTHENBURG LNG SE 51 2022  -  100 
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5.6 With project case 

Projects are assessed as described in Chapter 7.: new infrastructure is added to the without project case, and 

the relative changes in welfare of consumers, producers, infrastructure operators and traders are listed as the 

welfare gains of the project. Benefits are calculated for 25 years of lifetime from commissioning. Annul benefits 

are discounted to real 2018 € applying a 4% social discount rate as suggested by ENTSOG methodology. One-

off CAPEX of infrastructure is considered as the only cost of the new pipeline. OPEX costs are considered to be 

financed from the tariffs applicable for the use infrastructure. 

Table 13 lists the NPVs of all infrastructure projects assessed. In the Reference scenario, only the LNG terminals 

display a positive NPV, i.e. we suggest that other interconnector projects should not be supported, as flows on 

those infrastructure do not recover the CAPEX. In Pathways scenarios, only the small-scale LNG terminal in 

Sweden has a positive NPV. 

Comparing our result to the previous case study, some differences appear. These are caused by different 

reference setting and project identification: 

• HU-SI interconnector had a positive NPV in the case study, but a negative one in the Reference scenario of 

this Pathways analysis. The reason for this was that competing infrastructure (Krk LNG terminal) was now 

part of the reference case, and this is a competing project for HU-SI (delivering gas to the Hungarian 

market). 

• BRUA pipeline had a positive NPV in the case study, but a negative one in the Reference scenario of this 

Pathways analysis. In the case study, first phase of BRUA was analysed, while in this paper we already had 

BRUA phase 1 in the reference, as it received an FID and BRUA phase 2 was considered. This means that 

the model does not suggest to invest into BRUA second phase if decarbonization goals are achieved. 

• Baltic cluster had a positive NPV in the case study, but a negative one in the Reference scenario of this 

Pathways analysis. The Baltic Cluster is not a cluster any more, as most of it has been already implemented. 

Originally the Baltic cluster projects included Tallin/Paldiski LNG, Balticconnector and LT-LV 

interconnectors. Out of these projects, only LT-LV interconnector remained to be analysed, as most 

received an FID or disappeared from the PCI list. 

Overall, based on the current reference setting and Pathways scenarios, we suggest that no additional PCI 

interconnection investment is made in the natural gas infrastructure. Even with stagnating demand and failing 

European production (Reference) no interconnection projects show positive NPVs. Congestions on the 

European network only appear for a few years in the 2030s and disappear by 2050. Our results are extreme in 

the sense that the demand drop challenges the current TSO, SSO and LNG operator business model. Since the 

EU targets the decarbonisation goals by 2050 and sectoral modelling suggests that these can be reached by 

phasing out gas from the primary energy mix, we suggest that no further investment is made into the EU natural 

gas infrastructure apart from TYNDP FID projects. This means that no PCI status should be granted to gas 

infrastructure, as it would give mixed signals to the stakeholders about the role of gas in the future EU energy 

mix. 

Upon evaluating the infrastructure scenarios, security of supply events were simulated. A full supply cut on the 

major import infrastructure of the EU28 was assumed, i.e., Nord Stream 1 and 2 was cut in all scenarios. The 

positive effects of interconnectors were also measured in SOS scenarios. However, gas flows were not observed 

on the interconnectors even in SOS case. 

 

Table 39. NPV for the projects analysed in Pathways scenarios and the Case study for the EU28, M€ real 
2018 
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EU28  Referen
ce 

Diversificati
on 

Localizati
on 

Direct
ed 

vision 

National 
champio

ns 

Case 
study 

Referen
ce 

Case 
study 
EUCO

30 

GAS_
01 

Shannon LNG 581 -550 -338 -552 -545 229 -148 

GAS_
02 

ES-PT -239 -219 -219 -219 -220 -219 -219 

GAS_
03 

Midcat -348 -327 -305 -320 -325 -333 -333 

GAS_
04 

Eastring -2307 -1369 -1563 -1495 -1566 n.a. n.a. 

GAS_
05 

Stork II -795 -761 -763 -722 -750 -1031 -680 

GAS_
06 

BACI -93 -81 -81 -81 -81 -81 -82 

GAS_
07 

HU-SI -105 -104 -105 -93 -103 9 -102 

GAS_
08 

BRUA -1912 -1186 -1359 -1261 -1359 1026 -433 

GAS_
09 

Balti -89 -79 -79 -82 -79 2794 3527 

GAS_
10 

Baltic Pipe -1020 -791 -921 -986 -839 -982 -967 

GAS_
11 

LNG 
Gothenburg 

32 3268 481 1069 1372 n.a. n.a. 

 

Eurogas performed a gas market modelling with PRIMES26 in 2018 and drafted four decarbonisation scenarios 

(Conventional wisdom, Innovative gas, Electrification, Fuel Switch), which meet the 2050 targets of the EU. In 

Conventional Wisdom, gas consumption share remains stable in primary energy mix, but high penetration of 

renewables makes the decarbonisation targets reachable. In Electrification scenario, high shares of nuclear and 

renewable crowd out gas and other fossil fuels. Innovative gas scenario shows high RES gas production by 2050, 

while natural gas consumption stagnates. In Fuel switch scenario, coal and oil are replaced in power generation 

by 2030’s with natural gas. Eurogas argues that cost of decarbonisation is much lower if renewable gas is 

supported, compared to the electrification scenario, which needs much more network investments than the 

support of RES gas. Eurogas study suggests that the gas network investments are justified, but most gas flowing 

in the network will originate from power-to-gas. 

To sum up, most gas industry organisations believe that gas will stay in the supply mix at the current or 

somewhat lower levels. The EU28 gas consumption as modelled in Pathways was not shared in any of the 

scenarios we found. 

5.7  Main findings and policy recommendations 

Large fall-back in gas consumption. According to the demand models used in the SET-NAV project, the gas 

supply need in Europe (EU28) by 2050 falls back from the current approximately 5000 TWh/year to 1500-2500 

TWh/year in the different decarbonization scenarios. 

                                                                    

26  Eurogas, Gasterra: Scenario study with PRIMES, DG Ener Meeting 14 February 2018. 
https://www.asktheeu.org/en/request/5188/response/17579/attach/7/C%202018%203709%200%20ANNEX%20EN%20V1
%20P1%20981612.PDF.pdf 
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Change in patterns of main consuming sectoral gas consumption. Relative share and significance of highly 

temperature-dependent and seasonal gas consuming sectors such as building sector and power sector account 

now for 60% of gas consumption. Consumption levels in these sectors is expected to shrink by 2050 to ~30%-

40% in the Pathways scenarios. Industry and transport sector gas consumption has hardly no seasonal pattern. 

This shift from the currently seasonal nature of gas consumption has detrimental effect on the existing natural 

gas infrastructure, as storage facilities and pipelines are currently designed to accommodate highly seasonal 

swings. 

Huge tariff increase or decommissioning of infrastructure. In the decarbonization scenarios the well- 

developed and mature European gas infrastructure does constantly loose the gas flows and arrives to an average 

10-15% yearly utilization by 2050. 

Could the transmission system operators (TSOs) convince the regulators that all their assets are inevitable to 

secure the necessary flexibility of the system (for security of supply reasons) the regulated capacity-based exit 

tariffs to consumers should be increased Europe-wide by 1-3 €/MWh to cover the large fix costs of the system. 

As the demand for the sectors with high seasonality is decreasing relatively more than the total demand, it is 

highly unrealistic to assume that the daily peak demand of the system would increase. For this reason, the 

underutilization will certainly call for decommissioning part of the infrastructure: storages, LNG facilities and 

pipelines as well. 

No strategic pricing possible in the shrinking market. With falling EU gas production no considerable price 

increase is expected. Although the domestic gas production drops to half of the current levels in the EU28, 

globalising LNG markets, increased LNG supply and shrinking European gas markets create more intense 

competition between LNG and main suppliers of Europe. Thus we do not expect strategic pricing from the main 

suppliers to be an option. 

Gas import dependency problem of the EU is solved by decarbonization. The drop in demand especially 

when biogas and power to gas options are considered leads to a massive drop in import dependency from 

about 75% down (Reference 2020) to 30-40% by 2050. Without new gases the import dependency would 

stagnate or in the reference case increase to 90% by 2050. Russian shares in the EU gas supply mix are highly 

sensitive to demand. In case of current EU demand by 2050, Russian share might be up to 38%, while in the 

most extreme diversification scenario could be down to 15%. 

No new infrastructure is needed. neither in the reference, nor in the decarbonization scenarios no new pipeline 

infrastructure would be socio-economic feasible. Small LNG terminals might be needed to help covering 

temporary demand increase in Scandinavia. Some projects are needed, the PCIs we identified in the Case study 

with the joint modelling of three gas models. To give the right signal to the market the support for PCI gas 

interconnectors should be rather directed to electricity infrastructure and energy efficiency. Some support for 

LNG or security of supply related projects could be still kept. 

SET-Nav Pathways are not the only option. Demand outlooks of the gas industry seem however not to count 

on the demand drop presented in this report. Decarbonisation is achieved in the IEA, Eurogas, Eurelectric 

scenarios and other outlooks by other technologies (CCS, RES gas) and consider the gas as an important part of 

the supply mix on the longer term and keep the infrastructure alive. 

6 Pathway results – CCS 

6.1 Carbon capture in European electricity generation and industry 

The possible role of CCS depends on public opinion and relative costs compared to other low-carbon production 

and generation options. CCS costs are still subject to a great deal of uncertainty, as it is not yet available for 

commercial scale projects in power plants and only a small number of commercial scale industrial projects have 
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recently started.27 In our pathway analysis, we deal with his uncertainty by different exogenous assumptions.28 

We allow CCS as a technology option at moderate cost in the ‘Directed Vision’ pathways and at higher cost in 

the ‘National Champions’ pathways. CCS is assumed not to be part of the available technology options in the 

other two pathways (‘Diversification’, ‘Localisation’). 

The availability of CCS means that, in the pathways ‘National Champions’ and ‘Directed Vision’, less radical 

innovation is needed to reach the climate targets. This is particularly true in industry where radical process 

innovations are avoided (results from FORECAST-Industry). 29  In the electricity sector, the decrease of 

renewable costs (in particular wind) is a robust development in all pathways and, therefore, the use of CCS is 

limited to 8-10% of total electricity generation. In ‘National Champions’, traditional incumbents will be in charge 

of leading the decarbonisation efforts in the framework of national strategies and with very limited European 

integration efforts. Because options such as European-wide grid integration are hardly available, conventional 

technologies still play an important role and a relevant amount of nuclear generation as well as thermal 

generation in combination with CCS will be used. 

In industry, the availability of CCS in the ‘Directed Vision’/ ‘National Champions’ pathway leads to the same 

outcome: traditional, fossil-intensive processes continue to the used as opposed to the 

‘Diversification’/’Localisation’ pathway in which new processes are deployed (e.g. electrification based on 

renewables).30 Most captured emissions arise in cement and lime production, primary steel production and the 

basic chemicals industry. Moreover, also smaller point sources like glass and paper production plants capture 

CO2 in this pathway.  

Table 1 reports the CCS assumptions of the electricity sector and the industry sector in SET-Nav. We have used 

another model (Enertile) and a new data set of capture costs, capture rates and efficiencies for the pathways, 

compared to the case study (EMPIRE model; Section 3.2). We compare the SET-Nav assumptions to the 

estimates by the industry as published by the Global CCS Institute.31 SET-Nav assumptions are more optimistic 

by all measures even though the estimates by the (pro-CCS lobbying institution) Global CCS Institute are on the 

optimistic end of available assumption. SET-Nav assumptions were chosen in line with the storylines of the 

scenarios/pathways to make sure that the CCS option is used in a cost-minimization setting.32 

 

Table 1: Cost assumptions for technologies with CCS in the electricity sector and in industry in the SET-Nav 
Case Studies and Pathways 

Application Power plant type Efficiency 
CO2 capture 

rate 
Investment costs 

in €/kW 

EMPIRE  
(Case Study) 

Coal with CCS 39-43% 80-90% 2150-2500 

Gas with CCS 52-60% 80-90% 1250-1350 

Lignite with CCS 37-43% 80-90% 2250-2600 

                                                                    

27 Cf. Holz et al. (2018): Issue Paper on The Role for Carbon Capture, Transport and Storage in the Future Energy Mix Which 
Role for Infrastructure? SET-Nav Issue Paper, February 2018. www.set-nav.eu 

28 For more detail on the assumptions regarding CCS in the electricity sector see Sensfuss et al. (2019): Summary report 
Energy Systems: Supply Perspective. SET-Nav Deliverable 7.8, March 2019. www.set-nav.eu 

29 For more detail on the role of industry in the different pathways see Hartner et al. (2019): WP5 Summary report - Energy 
Systems: Demand perspective. SET-Nav Deliverable 5.8, March 2019. www.set-nav.eu 

30 For the industrial sector analysis, two combined pathways are investigated: the ‘Directed Vision’/ ‘National Champions’ 
pathway with CCS, and the ‘Diversification’/’Localisation’ pathway without CCS. 

31 Lawrence Irlam (2017): Global Costs of Carbon Capture and Storage. 2017 Update. Global CCS Institute. 

32 No sensitivity analysis could be done to check threshold levels of the CCS assumptions because of the very long model run 
times (several days of Enertile for each pathway). 
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ENERTILE 
Directed Vision 

Pathway 

Coal with CCS 38% 93% 3000-3400 

Gas with CCS (CCGT) 54% 95% 1200-1500 

Lignite with CCS 37% 92% 3400-3800 

ENERTILE 
National Champions 

Pathway 

Coal with CCS 38% 93% 3600-4080 

Gas with CCS (CCGT) 54% 95% 1440-1800 

Lignite with CCS 37% 92% 4080-4560 

Global CCS Institute 
(2017) estimates 

Coal with CCS 28-33% 90%-94% 3870-4651 

Gas with CCS 46% 90% 1701 

   
Short-/Mid-term 

capture cost 
Long-term 

capture cost 

Reference plant 
scale (annual 

production in t) 

FORECAST-Industry 
(Case Study) 

Cement production 65-135 €/tCO2 25-55 €/tCO2 1 Mt. clinker 

Steel production 25-65 €/tCO2 0-55 €/tCO2 4 Mt hot rolled coil 

Refineries and petrochemicals 50-120 €/tCO2 >30€/tCO2 1-2 GtCO2 

 

This is true not only for the case study (EMPIRE) assumptions, but also for the pathway (Enertile) assumptions. 

Therefore, CO2 capture in the electricity sector in the period 2015-2055 in the pathways is close to the 

“optimistic” scenario results in the case study: 3000-6800 Mt CO2 (pathways) compared to 4400-7700 Mt CO2 

(“optimistic” case study scenarios), far above the 900 Mt CO2 in the "pessimistic“ decarbonization scenario 

(Section 3.2.3). In other words, with these cost assumptions, CCS is used when it is available. The case study 

analysis showed that the aggregate system cost advantages keeping an electricity system including fossil 

generation with CCS (compared to a system in which decarbonization is achieved without CCS) is small but 

positive. This is, among other factors, due to the smaller need to expand the electricity transmission grid and to 

use higher cost flexibility options (e.g. electrical storage, demand-side management) for the peak load hours. 

 

 

Figure 1: CO2 capture in the Directed Vision and the National Champions Pathways (ENERTILE and 
Forecast-Industry results) 
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Figure 1 shows that total CO2 capture until 2055 in the two pathways is 6513 – 10284 Mt in Europe. When costs 

are lower (Directed Vision pathway), CO2 capture is introduced earlier at large scale. The figure also shows the 

large role that the industrial sector would play for the CCS technology. Indeed, in the SET-Nav pathways, the 

cumulative captured CO2 volumes from the industry sector are larger to 2055 than in the case study (3590 Mt 

CO2 compared to 2160 Mt CO2), among other factors due to the inclusion of more industrial sectors in the 

analysis (e.g. refineries). 

Figure 2 shows that CCS in the electricity sector is primarily used to reduce the CO2 emissions of coal-fired power 

plants. It is not used in lignite power generation due to the assumption that there is no retrofit and only new-

built power plants can use CCS. Electricity generation from gas-fired power plants equipped with CCS is only 

half as much as coal-fired CCS generation, despite the lower capture costs and better efficiency. This is due to 

fuel costs. Use of CCS in gas-fired power generation mainly takes place in Germany and Italy, as well as Belgium 

and the Netherlands – countries with easy access to large natural gas supplies (Section 5). 

 

 

Figure 2: Generation from CCS power plants in the SET-Nav pathways (ENERTILE results) 

 

Total EU capture volumes in the pathways are similar in size to the “optimistic” case study scenarios. However, 

their spatial distribution across Europe is different. Table 1 shows that the countries with the largest capture 

volumes up to 2050 in the electricity sector are Italy (from coal-fired power generation), Germany and the 

Netherlands (from coal and gas fired power generation). Interestingly, CCS is not used as option in Poland to 

extend the use of coal-fired power generation there. Among other reasons, this is due to the assumption that 

CCS is only used in new-build power plants, not in retrofitted power plants. Rather, some gas-fired power 

generation capacity is equipped with CCS in Poland in the National Champions Pathway to avoid imports in 

times of low availability of renewables. 

In the industrial sector, a larger share of the captured volumes are more closely located to the large CO2 storage 

sinks in the North Sea depicted in Fig. 15. Figure 3 shows that the largest captured volumes in industry arise in 

Germany and Italy (as in the electricity sector), but also in France, Poland, the UK and Spain. 
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Table 2: Largest captured emission volumes in the European electricity sector by country in the SET-Nav 
pathways (ENERTILE results) 

  National Champions Pathway Directed Vision Pathway 

  Country Captured emissions (Mt/y.) Country Captured emissions (Mt/y.) 

Rank 2040 

1 Italy 9,8 Netherlands 17,1 

2 Greece 5,7 Italy 16,3 

3 Malta 1,5 Greece 10,8 

4 Luxemburg 1,4 Belgium 5,1 

5 Bulgaria 0,1 Malta 1,7 

  TOTAL 18,5 TOTAL 51,8 

  2050 

1 Italy 94,1 Italy 157,4 

2 Germany 62,1 Germany 82,8 

3 Hungary 10,2 Netherlands 23,8 

4 Switzerland 9,2 Switzerlands 13,6 

5 Czech Rep. 7,6 Belgium 12,6 

6 Romania 6,9 Greece 10,4 

7 Belgium 6,6 Spain 3,1 

8 Spain 5,9 Luxemburg 2,8 

9 Greece 5,8 Malta 2,3 

10 Netherlands 5,6 France 2,0 

  TOTAL 229,3 TOTAL 317,3 

 

 

Source: Summary Report SET-Nav Work Package 5 (Figure 34, p. 46) 

Figure 3: Direct emissions from the European industrial sector in the SET-Nav pathways with CCS 
(Forecast-Industry results) 
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6.1 Conclusions for a CC(T)S pipeline infrastructure 

Based on the literature as well as the case study results, we can expect that the development of a European CO2 

transport and storage infrastructure will be kicked off by the use of CO2 in Enhanced Oil Recovery (EOR) 

projects. More recently, other uses of the captured CO2 (e.g. in industrial applications such as methanol and 

biofuel production) are being discussed as well. Such re-use of the CO2, be it in EOR or other applications, has 

the benefit of providing a revenue to the CO2 value chain that helps covering the costs of investment and 

operations of the CO2 infrastructure. Moreover, it “saves” volumes in the permanent storage sites (saline 

aquifers, depleted hydrocarbon fields) that are expected to be limited to approximately 200 years of the 2050 

yearly capture volumes discussed in this study.  

Total CO2 infrastructure costs (transport and storage) to 2055 were between € 38 bn. and € 85 bn. in the 

“pessimistic” and “optimistic” decarbonization scenarios in the case study for the development and operation 

of CO2 networks of a total length (CO2 flows) of 26 000 km (3060 Mt CO2) or 38 000 km (9800 Mt CO2), 

respectively. With CO2 capture volumes in the SET-Nav pathways in the higher range (6580 – 10350 Mt CO2 until 

2055), infrastructure costs must also be expected to be in the higher range, considerably above € 50 bn.33 This is 

especially likely as many large CO2 volumes to be captured arise in countries further away from the offshore 

storage sites and therefore require longer CO2 pipeline connections (e.g. Italy, Greece, Hungary).  

There are considerably economies of scope and scale to be reaped in  CO2 infrastructure, in particular in pipeline 

transportation: several point emission sources from different sectors but close to each other can be connected 

to the same large “trunkline” (economies of scope) and an increase in pipeline diameter more than 

proportionally reduces the operational and investment pipeline costs (economies of scale). Therefore, the 

realization of a fully-fledged CO2 infrastructure is more likely if it is jointly used by the electricity sector and 

industry as we assumed in the SET-Nav pathways. However, there are immense coordination questions 

associated with this assumption, for example on the funding and design of the infrastructure. 

7 Takeaways 

7.1 Policy takeaways regarding the development of electricity networks 

7.1.1 How do policies complement each other to achieve the EU’s 2030 and 2050 targets? 

Electricity network development is central to integrating new RES generation, especially when this is 

concentrated in specific areas where the primary renewable energy resource is more abundant. But, even in 

those scenarios, or pathways, where RES generation is well spread across Europe, transmission capacity should 

play a relevant role in balancing excesses and deficits of electricity production in different areas within Europe. 

This is due to the fact that the chronological distribution of the power production by intermittent RES 

generation in different European areas tends to be complementary. Additionally, the integration of large 

volumes of Distributed Energy Resources (DER) will result in very relevant changes of the flows in distribution 

grids, potentially leading to the need to undertake relevant upgrades in these grids. Then, policies aimed at 

promoting the deployment of RES generation should be complemented with others facilitating the 

development of the grid infrastructure required to integrate the new RES developments. This may also be true 

for certain storage technologies. Thus, with an appropriate amount of transmission interconnection capacity in 

place, there may be areas in the European system where large hydro storage capacity could also balance 

excesses or deficits of electricity in other areas, which may be locater far away from the former. New 

                                                                    

33 CO2 infrastructure costs were calculated with the CCTSMOD model in the case study. CCTSMOD was not used for the 
pathway analysis, i.a. because of too limited time to establish a new link to the ENERTILE model (in the case study, 
CCTSMOD was linked to the EMPIRE model). 
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transmission technologies will be very relevant (in some scenarios, around 50% of the new capacity is built using 

HVDC lines). R&D investment in new technologies could result in improved solutions. 

7.1.2 For each pathway, what are the important elements, drivers and factors of the energy transition 

and their cost-effective solutions? 

As pointed out in the previous paragraphs, the relevance of electricity transmission network infrastructure 

development will depend largely on the extent to which electricity production and consumption in the several 

areas in Europe is complementary, and, therefore, large power exchanges need to take place among these 

areas. In the Pathways ‘Diversification’ and ‘Directed Vision’, significant coordination efforts take place at  

European level, and the most promising energy resources are to be exploited at length using appropriate 

technologies regardless of their geographical distribution. This should lead to large energy exchanges among 

areas that may differ substantially from those traditionally existing. As a consequence of this, large 

developments of the European electricity transmission grid are needed. 

On the other hand, in the Pathways ‘Localization’ and ‘National Champions’, transmission network 

development needs are smaller. In ‘Localization’, countries rely primarily on local resources to supply their load. 

Thus, energy exchanges among areas in Europe are limited. On the other hand, large amounts of DER are to be 

deployed, potentially leading to very relevant network development needs at electricity distribution level. In 

‘National Champions’, traditional incumbents will be in charge of leading the decarbonisation efforts according 

to national strategies. Then, conventional technologies may play a relevant role. A relevant amount of nuclear 

generation will still be in place, while relevant amounts of thermal generation will be used in combination with 

CCS. This will result in energy exchanges across Europe being limited and relatively similar to the traditional 

ones, which explains why accommodating these flows does not require building large amounts of transmission 

capacity. Given that centralized solution are preponderant, rather than DER, distribution network development 

needs are not to be large either. 

Achieving the construction of large new pan-European transmission developments, as in ‘Diversification’ and 

‘Directed Vision’, requires addressing three main challenges: 1) implementing an appropriate institutional 

framework for the governance of the development of the cross-border network; 2) allocating the cost of the 

cross-border network investment projects in an efficient way that is perceived as fair by the national authorities; 

and 3) putting in place the appropriate conditions for these projects to attract funds at a reasonable cost. 

If cross-border network investments producing large social benefits across several countries are to be promoted 

and, eventually undertaken, the process of planning the expansion of the cross-border European transmission 

grid and approving those reinforcements identified as necessary should be in the hands of entities of a European 

scope that have executive powers. National authorities looking after their own interests should not have the 

ability to block the construction of such facilities. Some progress has been made in this regard with the 

implementation of ACER and ENTSO-e, who are producing an indicative European transmission expansion plan 

periodically. Besides, European authorities have been given jurisdiction over the authorization of the 

construction and the allocation of the cost of those network developments labelled as Projects of Common 

Interest (PCIs). But these are still few compared to all those that are necessary to achieve a satisfactory 

development of the grid. 

Achieving the agreement of countries to the solution proposed for the allocation of the cost of relevant cross-

border projects requires that this cost is shared among the former proportionally to the benefits that they are 

expected to obtain from these projects. Then, every country should be better off after the construction of a 

project that is socially beneficial, since the benefits produced by these projects should be larger than their cost. 

Practically speaking, countries to be affected by a certain transmission project could be left to negotiate the 

allocation of their cost. Only if they do not manage to agree on a costa allocation solution, should European 

authorities step in to allocate this cost across these countries applying a predefined method. 



Infrastructure report  

 

Page 90 

Lastly, European financing instruments should be made available providing financing conditions that are more 

favourable, for the riskier phases of the transmission project, or the more risky the project itself is. This could be 

achieve through the implementation of rate adders for high risk project phases (planning, preliminary studies, 

and permit gathering ones), and high risk projects. Besides, the regulatory conditions affecting the 

remuneration of infrastructure investments should be as stable as possible. A reduction of the regulatory risk 

will certainly result in a decrease of the financing cost. 

As for the requirements related to the development of distribution networks in line with the needs of all the 

Pathways, but especially those that rely primarily on DER, namely ‘Localization’, one main need, besides 

implementing and preserving favourable financing conditions, is to put in place a remuneration scheme for 

DSOs that takes into account the extra costs that these entities may incur when integrating large amounts of 

new forms of DER, like distributed generation and storage. These extra costs have to do with the additional 

network investments that are needed, but also with the communication infrastructure that will have to be put 

in place to control generation, demand and storage in the DSO grids. Other aspects relevant to achieve the 

deployment of the required infrastructure at distribution level are related to the regulation to be put in place to 

manage the access of suppliers and the DSO to consumer data, which needs to achieve a trade-off between the 

protection of confidential information about the consumers and the flexibility required for the retailing market 

and the distribution system operation to work efficiently. As suggested earlier, the network infrastructure to be 

deployed should probably be owned by the DSO. 

7.1.3 What are the long-term impacts of alternative mitigation options on the economy, the energy 

sectors and technology development? 

Not achieving a sufficient development of transmission networks will result in significant increases in the cost 

of deploying and operating RES generation at European level, since electricity generation excesses and deficits 

within each area should be balanced locally, which, among other things, would prevent the deployment of large 

RES developments of a European scale. This could negatively affect the development of the RES generation 

industry in Europe, as well. Local generation and storage would have to be deployed at very large scale 

regardless of the cost of it. 

Additionally, if appropriate distribution network infrastructure were not implemented, the activation of small 

consumers to increase efficiency in energy use and the exploitation of DER in general would not be possible, or 

would be much more limited, which would largely impact the environmental footprint of the energy sector, as 

well as the cost of electricity supply. The development of RES generation technology of a distributed type (like 

PV) within Europe would also be negatively affected. 

7.2 Policy takeaways regarding the gas system 

If the transmission system operators (TSOs) convince the regulators that all their assets are inevitable to secure 

the necessary flexibility of the system (for security of supply reasons) the regulated capacity-based exit tariffs 

to consumers should be increased Europe-wide by 1-3 €/MWh to cover the large fix costs of the system. 

As the demand for the sectors with high seasonality is decreasing relatively more than the total demand, it is 

highly unrealistic to assume that the daily peak demand of the system would increase. For this reason, the 

resulting underutilization of peaking facilities will certainly call for decommissioning part of them: storages, 

LNG facilities and pipelines as well. 

No strategic pricing possible in the shrinking market. With falling EU gas production no considerable price 

increase is expected. Although the domestic gas production drops to half of the current levels in the EU28, 

globalising LNG markets, increased LNG supply and shrinking European gas markets create more intense 

competition between LNG and main suppliers of Europe. Thus, we do not expect strategic pricing from the main 

suppliers to be an option. 
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Gas import dependency problem of the EU is solved by decarbonization. There will be a large drop in 

import dependency driven by a decrease in consumption combined with an ever larger role of new gases. 

Without new gases the import dependency would stagnate or in the reference case even increase. Russian 

shares in the EU gas supply mix are highly sensitive to demand. 

No new infrastructure is needed. Neither in the reference, nor in the decarbonization scenarios no new pipeline 

infrastructure would be socio-economic feasible. Only small LNG terminals might be needed to help covering 

temporary demand increase in Scandinavia. Some LNG and security of supply projects may need some support 

for LNG or security of supply related projects. 

SET-Nav Pathways are not the only option. Demand outlooks of the gas industry seem however not to count 

on the demand drop presented in this report. Decarbonisation is achieved in the IEA, Eurogas, Eurelectric 

scenarios and other outlooks by other technologies (CCS, RES gas) and consider the gas as an important part of 

the supply mix on the longer term and keep the infrastructure alive. 

7.3 Policy takeaways regarding the development of CCS infrastructure 

Our project analyses in both a case study and the pathways have shown that it will be very hard, if not unlikely 

for CCS to become a viable option in the European electricity sectors. Cost competition from renewables, in 

particular wind, that continue to benefit from a decrease of costs, makes conventional thermal power 

generation with carbon capture economically an unattractive option. 

Only if carbon capture is applied in industry, CCS could also be an option for parts of the electricity sector, in 

particular as conventional back-up capacity during moments when renewables are hardly available. Thanks to 

economies of scope and scale in CO2 pipeline transportation and CO2 storage, CCS would then be a cost-

effective technology option in the electricity sector. Our research on some selected industrial sectors has shown 

that carbon capture can be an effective carbon mitigation option if process innovation is hard. However, in most 

industrial sectors, carbon capture competes with other decarbonization options and there is more ongoing 

innovation. Moreover, there are coordination issues between electricity and industrial sectors if a joint use of 

the CO2 infrastructure is to be envisaged (e.g. on the funding and design of the infrastructure). 

In our case study, we have shown that CCS is more likely to be applied for emission sources close to offshore 

CO2 storage areas. However, if industry and electricity emissions are jointly using the same CO2 infrastructure, 

some pipeline links from inland emission sources are also economically viable. Injecting CO2 in Enhanced Oil 

Recovery projects (and therefore earning an income from the captured CO2) helps kick-starting the 

infrastructure investments in CO2 pipeline and storage capacities.  

If policy makers in Europe want CCS to be part of the electricity generation mix, massive further support is 

needed, first for R&D to develop the capturing technology and test it in commercial-scale projects. Second, the 

operation of CCS-power plants will need financial support to be economically viable and to be available in times 

of low renewables availability (e.g. moments of a “Dunkelflaute”). 

Moreover, in order to benefit from economies of scope and scale, the optimal CO2 pipeline development needs 

to be pan-European without consideration of borders and also allowing offshore construction. There still are 

regulatory hurdles to such cross-border CO2 transport that need to be overcome. 

Lastly, industrial (manufacturing) emissions need to be better addressed than currently where only a limited 

number of large emitters is subject to the EU-ETS. This means that more sectors and also smaller emitters need 

to be addressed, for example by an environmental tax. Such an instrument would provide an incentive to 

industrial emitters to effectively reduce their carbon emissions and to consider options such as CCS. Just as in 

electricity generation, more R&D is also still needed for industrial applications to develop and deploy 

commercial-scale capturing appliances. This is even more challenging because of the heterogeneity of industrial 

processes where carbon capture may be relevant. Public support should be carefully targeted, either to those 
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the industrial sectors/processes where hardly any alternatives appear available or rather to those capturing 

technologies that can be applied by a variety of industrial production processes.  

Finally, the analysis of CCTS needs to be extended and cover other negative emission technologies that are 

currently being elaborated in the context of global climate policy, such as direct air capture and biochar 

pyrolysis. 
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