
www.susplan.eu Introduction into the RES Grid Integration 
Scenario Generation Methodology

in SUSPLAN 

Overview of Results from Selected
Regional Scenario Studies

1TREN/FP7/EN/218960/SUSPLAN

Hans Auer, Karl Zach, Georg LettnerHans Auer, Karl Zach, Georg Lettner
EnergyEnergy EconomicEconomic Group (EEG)Group (EEG)

Vienna University Vienna University ofof TechnologyTechnology
Email: auer@eeg.tuwien.ac.at Email: auer@eeg.tuwien.ac.at 

FP7 Project SUSPLAN www.susplan.euFP7 Project SUSPLAN www.susplan.eu
WP2 Regional WP2 Regional ResultResult Workshop: Workshop: PomeranianPomeranian RegionRegion

Gdansk, 16 Gdansk, 16 JulyJuly 20102010



www.susplan.eu

Agenda

1. RES Grid Integration Scenario Generation based on  
the Storyline Approach in SUSPLAN

2. Establishment of Initial Empirical Data Set Enab ling  
Consistency in Scenario Analyses in SUSPLAN

2TREN/FP7/EN/218960/SUSPLAN

3. Modeling Long-Term RES Potentials, Barriers and Grid 
Infrastructure Routes in the Different Regions

4. Overview of Results from Selected Regional RES G rid 
Integration Scenario Studies

5. Synthesis of Results & The Pomeranian Case



www.susplan.eu

1. RES Grid Integration Scenario Generation based
on the Storyline Approach in SUSPLAN

1.1 Clustering Key Impact Factors for Scenario Gene ration

Uncertain Futures

� Economic growth
� Fuel cost and availability
� International climate policies
� International vs. national policy/market focus
� Technology cost and performance
� Public awareness and acceptance
� Macro-economic effects of RES-infrastructure 

integration

Options, Potentials
� Technology Options

· RES Technologies: Wind, Solar, Biomass, etc.
· End Use Efficiency Technologies
· Network, Network Integration, Storage and Load 

Response Technologies

� Potentials
· RES-E, RES-H Potentials
· End Use Efficiency Potentials
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integration
� Etc.

· End Use Efficiency Potentials
· Storage/Load Response Potentials

� Non-Technology Options 
· Regulations and Markets: RES and End Use 

Efficiency Support Schemes, Standards, Subsidies, 
Taxes, Market Design Options, etc. 

· Grid Infrastructure Planning and Grid Regulation  
Instruments

· RTD Budgets/Efforts

4 Different Storylines Different Strategies within Each Storyline

Different Scenarios within Each StorylineDifferent Scenarios within Each Storyline
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Positive future for high RES 
integration, but too low technology 

development rate. Mainly 
decentralized development

Positive future for high RES 
integration. Both market pull 
and technology push existing.

Fast tech developmentFast tech developmentSlow tech developmentSlow tech development
No major technology

Positive public attitude
High environmental focus in population and business.

Reduced energy consumption and demand 
for environmentally friendly products

Positive public attitude
High environmental focus in population and business.

Reduced energy consumption and demand 
for environmentally friendly products

GreenGreenYellowYellow

1.2 Dimensions Describing Four Different Storylines  in SUSPLAN
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Difficult future for high RES 
integration. Few new technologies are 

available, and low interest to invest. 
Mainly centralized development with 

traditional technologies 

New technologies are available, 
but low interest to invest and use. 
Mainly centralized development, 
but with new technologies.

Fast tech development
Major break-throughs
several technologies, 
RES, grids, demand side

Fast tech development
Major break-throughs
several technologies, 
RES, grids, demand side

No major technology
break-throughs; gradual

development of 
current technologies

No major technology
break-throughs; gradual

development of 
current technologies

Indifferent public attitude
Low environmental focus in population and business.

Higher energy consumption and no demand 
for environmentally friendly products or services

Indifferent public attitude
Low environmental focus in population and business.

Higher energy consumption and no demand 
for environmentally friendly products or services

GreenGreenYellowYellow

BlueBlueRedRed
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1.3 RES Grid Integration Philosophy in the 4 Differ ent Storylines 
in SUSPLAN

• Demand low, high concern of consumers
• Decentralised RES integration based on
currently known technologies and some -
but small – smartgrids applications

• PV, wind (onshore, offshore in shallow
waters), hydro, biomass

• E-Mobility mainly in city centers; hardly any
breakthrough of battery technologies

• No supergrids; balancing of RES mainly 

Positive Public Attitude

• Demand low, high concern of consumers
• NIMBY not existing any more; RES policies

(incl. R&D) enable breakthrough of many
new technologies

• Simultaneous „bottom-up“ (decentralised,
smart) RES implementation by consumers
and „top-down“ (centralised, economies of
scale of RES) by the energy industry

• High penetration of E -Mobility

5TREN/FP7/EN/218960/SUSPLAN

• No supergrids; balancing of RES mainly 
based on hydro power and fossils

Indifferent Public Attitude

• Demand high, low concern of customers
• RES production based on currently known
technologies (offshore-wind on coastlines)

• No large-scale offshore wind/marine and/or
large-scale CSP generation

• Less E-mobility and battery technologies
• No supergrids across Europe; also no signi-

ficant smartgrids implementation
• Gradual and slight increase of RES shares

based on currently known energy systems

• High penetration of E -Mobility
• Large & efficient transmission grids needed

• RES policies (incl. R&D) mainly driven top-
down by politicians and authorities

• Significant breakthroughs of new technolo-
gies like floating wind turbines, marine
technologies, CSP, grid technologies, etc.

• RES generation based on large-scale
centralised solutions (still high demand)

• Large-scale and new power transmission
grids (Supergrid) are needed (also to
balance the European energy system)

Slow 
Techn. 

Develop.

Fast 
Techn. 

Develop.
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2.1 RES-Shares in the Time Horizon (2050) of Scenario Analyses

RES Share of Total Final Energy Demand in the EU30+  Region
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2. Establishment of Initial Empirical Data Set Enab ling
Consistency in Scenario Analyses in SUSPLAN
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Total Final (Stationary) Energy Demand in the EU27+  Region
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2.2 Demand in the Time Horizon (2050) of Scenario Analyses
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2.3 Prices (Fossil Fuels, CO 2) in the Time Horizon (2050)
of Scenario Analyses

Positive Public Attitude

Slow Fast 

Lower demand of Fossils in Yellow/Green than Red/Bl ue -> Lower Price Level

WEO2009 "450 ppm Scenario" ($2008 Prices) 2008 2015 20 20 2025 2030 2035 2040 2045 2050
IEA crude oil imports ($/bbl) 97,2 86,7 90,0 90,0 90,0 90,0 90,0 90,0 90,0
Natural gas imports ($/Mbtu PCS) 10,3 10,5 11,0 11,0 11,0 11,4 11,4 11,4 11,4
Natural gas imports ($/Mbtu PCI) 11,5 11,6 12,3 12,3 12,3 12,3 12,3 12,3 12,3
Natural gas imports ($/MWh PCI) 39,2 39,7 41,9 41,9 41,9 41,9 41,9 41,9 41,9
OECD steam coal imports ($/t) 120,6 85,6 80,1 72,5 64,8 57,2 49,6 41,9 34,3
OECD steam coal imports ($/MWh) 16,5 11,7 10,9 9,9 8,8 7,8 6,8 5,7 4,7

WEO2009 "Reference Scenario" ($2008 Prices) 2020 2030 2040 2050
CO2 Price [$/tCO 2] 43 54 65 76

Public adapts production and consumption of energy themselves in a sustainable 

8TREN/FP7/EN/218960/SUSPLAN

Indifferent Public Attitude

Slow 
Techn. 

Develop.

Fast 
Techn. 

Develop.

Until 2030: WEO2009 (cross-check with
others like EC EET based on
PRIMES; DOE 2009))

WEO2009 "Reference Scenario" ($2008 Prices) 2008 2015 2020 2025 2030 2035 2040 2045 2050
IEA crude oil imports ($/bbl) 97,2 86,7 100,0 107,5 115,0 122,5 130,0 137,5 145,0
Natural gas imports ($/Mbtu PCS) 10,3 10,5 12,1 13,1 14,0 15,0 15,9 16,9 17,8
Natural gas imports ($/Mbtu PCI) 11,5 11,6 13,5 14,6 15,6 16,7 17,7 18,8 19,8
Natural gas imports ($/MWh PCI) 39,2 39,7 45,9 49,7 53,2 56,8 60,4 64,0 67,6
OECD steam coal imports ($/t) 120,6 91,1 104,2 107,1 109,4 112,0 114,5 117,0 119,5
OECD steam coal imports ($/MWh) 16,5 12,4 14,2 14,6 14,9 15,3 15,6 16,0 16,3

Higher demand of Fossils in Red/Blue than Yellow/Gr een -> Higher Price Level

WEO2009 "450 ppm Scenario" ($2008 Prices) 2020 2030 20 40 2050
CO2 Price [$/tCO 2] 50 100 125 150

High CO 2 market price is important instrument (for authoriti es) to influence 
production and consumption of energy (due to indiff erent „public“)

Public adapts production and consumption of energy themselves in a sustainable 
way; CO 2 market less important instrument and, therefore, pr ices are lower
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2.4 Prices (Biomass) and RES-E Technology Cost in the Time 
Horizon (2050) of Scenario Analyses

Positive Public Attitude
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Indifferent Public Attitude

Slow 
Techn. 

Develop.

Fast 
Techn. 

Develop.

Until 2030: Green-X (RES-E Technology
Cost), ECN (Biomass Price)
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3. Modeling Long-Term RES Potentials, Barriers and 
Grid Infrastructure Routes in the Different Regions

3.1 Merit Order of RES-E Potentials/Cost

10TREN/FP7/EN/218960/SUSPLAN
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 Storyline D 

 Storyline C  

  Storyline B   

Storyline A    
2010 
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3.2 Barriers for RES-E Grid Infrastructure Integrat ion
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3.3 Consideration of Spatial Distribution of RES-E Sites, Electricity
Load Centres and Geography of Electricity Grid Infr astructure 
Routes (Step 1)

12TREN/FP7/EN/218960/SUSPLAN

Model eTransport



www.susplan.eu

3.4 Addition of Parallel Grid Infrastructures (incl . Corresponding
Resources and Grid Components) and Heat Loads to th e
“Electricity-Related” Part of the eTransport -Model (Step 2)

 

13TREN/FP7/EN/218960/SUSPLAN

Model eTransport



www.susplan.eu

4. Overview of Results from Selected Regional Scena rio Studies

Total Transmission Grid Investments as a Function o f RES-Share in 
the 4 Different Storylines up to 2050
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4.1 Serbia (RES-E)
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Specific Transmission Grid Investments as a Functio n of newly 
Installed Hydro and Wind Capacities in the 4 Differ ent Storylines
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4.2 Spain (RES-E)

15TREN/FP7/EN/218960/SUSPLAN Source: Comillas (2010)
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4.3 Norway (RES-E)

Yellow & Blue Storyline: Energy Balances and Transmission Capacity 
Expansion Needs to Export Surplus Generation in Nor way in 2050

16TREN/FP7/EN/218960/SUSPLAN

Source: Sintef (2010)
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4.4 Austria (RES-H)

Results on Residential RES-Heating Deployment in th e 4 Storylines
Green-Storyline: Endenergiebedarf Raumwärme Österreich b is 2050

0

50

100

150

200

250

300

350

400

E
n

de
ne

rg
ie

b
ed

ar
f R

au
m

w
är

m
e 

[P
J]

Stückholz Pellets
Hackgut (incl. HG für Fernw ärme) Fernw ärme
Erdgas Öl
Kohle Strom
Solarthermie Umgebungsw ärme

Yellow -Storyline: Endenergiebedarf Raumwärme Österreich bis 2050
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Red-Storyline: Endenergiebedarf Raumwärme Österreich b is 2050
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4.5 RES-H Synthesis

Competitive Situation in the Residential RES-Heatin g Sector
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5. Synthesis of Results & The Pomeranian Case5. Synthesis of Results & The Pomeranian Case

� Islands
· High wind & marine resources
· Low regional/local demand
· Grid connection to the rest of UK weak
· Barriers due to nature conservation

� Northern Europe
· High Onshore&Offshore Wind Potentials
· Many Technical Challenges
· No Business Models

� West/Central Europe
· Biomass & Geothermal Potential in the Region
· Multiple Grid Infrastructures (El, Gas, Heat)
·

� South-West
· High Onshore Wind Potentials
· Development of ”Gas Strategy” in Parallel to be abl e 

to Balance the System
· Injection of ”Desertec” (i.e.”Outside”) Strong 

Influence on Energy System

� South
· High Wind Potentials in the South
· Load Centres in the North Expect Significant 

Transmission Grid Expansion
· Connection to Western Balkan (Hydro): Import of 

”Flexibility” to Italy

� Western Balkans
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Multiple Grid Infrastructures (El, Gas, Heat)
· High Energy Demand and Potential for Energy 

Efficiency; Potential for Demand Response
· Transmission Access Needed for Imports from the 

North (Offshore Wind)

� North-East
· High Onshore&Offshore Wind Potentials
· Possibility for Exports of ”Green” Electricity to 

other Polish Regions and/or Countries 
· Fairly Developed Electricity Grid, but Capacity for  

Absorption of Wind Insufficient in the Long-Term 
· Challenge for Balancing High Shares of Wind (Coal-

Dependent Power Plant Mix)
· Expected Massive Investment in Modernisation of 

Multiple Energy Grid Infrastructures

� South-East
· High Onshore&Offshore Wind Potentials 
· Black-Sea Offshore Wind in Cooperation with 

Bulgaria to Reach ”Economies of Scale” of Wind 
Utilization

� Western Balkans
· High Onshore Wind Shares
· Grid Integration, although delayed, rather easy due  

to new Transmission Grid Infrastructure 
Development in General

· Enough Flexible Hydro Power to Balance their  
System

� Alpine
· High Shares and Future Potentials on Flexible 

Pumped Hydro Storage Capacities

· Alpine Region: also ”Balancing-Hub” in Continental 
Europe (some Transmission Grid Expansion still 
needed)


