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Presentation Outline

1. Challenges of a future with high shares of renewables (RES-E) 

2. EU climate and energy targets

3. Key messages of selected contributions to the Special Issue The Energy Journal 

on “High Shares of Renewable Energy Sources and Need for Electricity Market 

Reform”

4. Some Conclusions 
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2016 Special Issue The Energy Journal on “High Shares of Renewable 
Energy Sources and Electricity Market Reform” (in prep.)
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Overview Special Issue The Energy Journal

Authors Theme Method Region

Green, Staffell, Strbac Market design long-distance

trade in RES-E

Engineering-

economic model

Europe

Neuhoff, Rüster, 

Schwenen

New Perspectives for

European Target Model

Conceptual analysis Generic (with emphasis on 

Europe + Germany)

Anaya, Pollitt Electricity markets coping with

high shares of RES-E

Conceptual analysis Germany, UK, NY State

Boffa, Cló, D‘Amato FIT and climate policy under

endogenous uncertainty

Game-theoretical

model

Europe (focus on ETS)

Bigerna, Bollino Optimal price design in 

wholesale electr. markets

Welfare optimization; 

Ramsey pricing

Italy

Bigerna, Bollino, Polinori RES-E and market power in 

view of grid congestion

Zonal Lerner index; 

Correlation analysis

Italy

Garnier, Madlener Virtual power plants (VPP), 

policy risks

(Sequential 2-stage) 

Real options model

Germany

Rosen, Madlener Local energy market design, 

prosumer

Conceptual analysis Europe, Germany

Gianfreda, Parisio, 

Pelegatti

Impact of RES-E on day-ahead

+ balancing markets

Econometric analysis

(VECM, cointegration)

Italy

Papaefthimiou, Souliotis, 

Andriosoupoulos

Grid parity of solar energy Learning curve

estimates

Global

Praktiknjo, Erdmann Merit order effect, policy

measure

Econometric model Germany

+ some more (review process still pending)
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Overview Special Issue The Energy Journal

Authors Theme Method Region

Green, Staffell, Strbac Market design long-distance

trade in RES-E

Engineering-

economic model

Europe

Neuhoff, Rüster, 

Schwenen

New Perspectives for

European Target Model

Conceptual analysis Generic (with emphasis on 

Europe + Germany)

Anaya, Pollitt Electricity markets coping

with high shares of RES-E

Conceptual analysis Germany, UK, NY State

Boffa, Cló, D‘Amato FIT and climate policy under

endogenous uncertainty

Game-theoretical

model

Europe (focus on ETS)

Bigerna, Bollino Optimal price design in 

wholesale electr. markets

Welfare optimization; 

Ramsey pricing

Italy

Bigerna, Bollino, Polinori RES-E and market power in 

view of grid congestion

Zonal Lerner index; 

Correlation analysis

Italy

Garnier, Madlener Virtual power plants (VPP), 

policy risks

(Sequential 2-stage) 

Real options model

Germany

Rosen, Madlener Local energy market design, 

prosumer

Conceptual analysis Europe, Germany

Gianfreda, Parisio, 

Pelegatti

Impact of RES-E on day-ahead

+ balancing markets

Econometric analysis

(VECM, cointegration)

Italy

Papaefthimiou, Souliotis, 

Andriosoupoulos

Grid parity of solar energy Learning curve

estimates

Global

Praktiknjo, Erdmann Merit order effect, policy

measure

Econometric model Germany

+ some more (review process still pending)

A
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A. Anaya / Pollitt – “Can current electricity markets cope with high 

shares of renewables?” (1/5)

■ Aim & scope: To examine three examples of jurisdictions with similar aspirations 

for decarbonization and the role of renewables (Germany, the UK, and NY State), 

each exhibiting very different approaches to the way they are adjusting their 

electricity market design to cope with high shares of renewables

■ For the three example jurisdictions the current renewable target shares for 

electricity generation are: 80% in Germany (by 2050); 35% in the UK (by 2030); 

and 29% in NY State (by 2015)

■ Contention is that a new wave of global electricity market experiments will be 

experienced, mirroring the wave of liberalization experiments in the 1980s/1990s 

(similar goals, some template designs, but lots of local variation and wide variation 

in outcomes)

■ Intermittency of renewable output means that some significant combination of 

reserve fossil generation, matching demand response, electrical storage and 

interconnection will be required as renewable shares increase

■ Renewable generation can be turned down when demand is too low, but often 

politicians are unwilling to see this happen

Source: Anaya / Pollitt (2015)
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A. Anaya / Pollitt – “Can current electricity markets cope with high 

shares of renewables?” (2/5)

■ Today’s markets cannot easily cope with high shares of RES, but they can adapt

■ The three case studies offer very different visions of the use of electricity 

markets in the future, however, they do illustrate the likely transferability of ideas 

between jurisdictions

■ Germany illustrates a ‘just do it’ approach: just add the renewables and make 

the necessary adjustments to the market arrangements to maintain security of 

supply, while accommodating the larger shares of renewable electricity on the 

system

■ The UK follows an approach focused on decarbonization, rather than renew-

ables per se, with a strong emphasis on the use of auction mechanisms to keep 

the costs of decarbonization down

■ The New York case is about the desire to promote smaller scale new technolo-

gies within the distribution grid, so called distributed energy resources (DERs), 

and exploit their benefits by ICT solutions

■ The final objectives for the electricity sector may be similar, but the short-run 

emphases are very different
Source: Anaya / Pollitt (2015)
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A. Anaya / Pollitt – “Can current electricity markets cope with high 

shares of renewables?” (3/5)

■ The three cases illustrate very different jurisdictional trade-offs between 

security of supply, the environment, and affordability

■ Germany has achieved its environmental objectives and maintained security 

of supply at considerable cost, especially for domestic customers

■ The UK and New York State have set ambitious environmental targets, but 

emphasized the need to achieve them at reasonable cost and while maintaining 

security of supply, and hence have committed the necessary subsidies to achieve 

them much more cautiously

■ All three cases illustrate that markets will ‘cope’ to the extent that markets in the 

electricity supply industry serve the interests of policy rather than drive it

■ Whatever the issues raised by large quantities of intermittent renewables on the 

electricity system, appropriate market arrangements will be important

Source: Anaya / Pollitt (2015)
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A. Anaya / Pollitt – “Can current electricity markets cope with high 

shares of renewables?” (4/5)

■ In none of the three jurisdictions, any attempt to return to old-fashioned central 

planning carried out by monopolistic electric utilities vertically integrating 

generation, networks and retail is detected

■ If anything, the reverse is the case, with much distributed generation and 

distributed demand response being owned by non-utilities and coordinated by 

markets

■ Germany illustrates that the addition of substantial renewable electricity capacity 

is technically feasible (TSO/DSO training on the job)

■ Germany is a notable first mover among major jurisdictions in adding wind and 

solar capacity in substantial quantities

Source: Anaya / Pollitt (2015)
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A. Anaya / Pollitt – “Can current electricity markets cope with high 

shares of renewables?” (5/5)

■ Similarly to Great Britain in the 1990s with liberalization, much that can be learnt 

from this early experience by other countries, with a view to avoiding some of 

the more obvious mistakes in the German experience

■ Some of the 2nd-mover countries in the addition of renewable capacity may want 

to look closely at the UK’s EMR and the State of New York’s REV for further 

lessons on market arrangements that might support high quantities of renewables

■ Based on the evidence of three very different cases, a new wave of electricity 

market experiments is beginning about how to integrate large shares of 

renewables

■ It seems unlikely in the short run that there will be convergence in the 

approaches favored across the world

Source: Anaya / Pollitt (2015)
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Overview Special Issue The Energy Journal

Authors Theme Method Region

Green, Staffell, Strbac Market design long-distance

trade in RES-E

Engineering-

economic model

Europe

Neuhoff, Rüster, 

Schwenen

New Perspectives for

European Target Model

Conceptual analysis Generic (with emphasis on 

Europe + Germany)

Anaya, Pollitt Electricity markets coping with

high shares of RES-E

Conceptual analysis Germany, UK, NY State

Boffa, Cló, D‘Amato FIT and climate policy under

endogenous uncertainty

Game-theoretical

model

Europe (focus on ETS)

Bigerna, Bollino Optimal price design in 

wholesale electr. markets

Welfare optimization; 

Ramsey pricing

Italy

Bigerna, Bollino, Polinori RES-E and market power in 

view of grid congestion

Zonal Lerner index; 

Correlation analysis

Italy

Garnier, Madlener Virtual power plants (VPP), 

policy risks

(Sequential 2-stage) 

Real options model

Germany

Rosen, Madlener Local energy market design, 

prosumer

Conceptual analysis Europe, Germany

Gianfreda, Parisio, 

Pelegatti

Impact of RES-E on day-ahead

+ balancing markets

Econometric analysis

(VECM, cointegration)

Italy

Papaefthimiou, Souliotis, 

Andriosoupoulos

Grid parity of solar energy Learning curve

estimates

Global

Praktiknjo, Erdmann Merit order effect, policy

measure

Econometric model Germany

+ some more (review process still pending)

B
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B. Praktiknjo / Erdmann – “Renewable Electricity and Backup 
Capacities: An (Un-)Resolvable Problem?” (1/4) 

 Aim & Scope: Quantification of the merit order effect of renewables (caused by 

a reduction of wholesale power prices due to squeezing out conventional power 

generation units) and policy proposal

 Use of reduced form econometric model on hourly EEX day-ahead price data 

(pooled time series-cross sectional analysis  1096 days x 24 hrs = 26,304 obs.) 

 Result: ca. 12 €/MWh (2014)

Table 2: Merit order effect estimates of wind and PV on German day-ahead prices 1 

 2006 2007 2008 2009 2010 2011 2012 

 Euro/MWh 

Sensfuß et al.(2008) -7.8       

Weigt (2009) -6.2 -10.4 -13.0     

vbw(2011)     -8.0   

Sensfuß (2012)    -5.8   -5.3 -6.0 -5.2   -8.7   -8.9 

Speth, Stark (2012)     -5.6   -5.6  

Cludius et al. (2013)   -10.8 -7.8 -6.0   -7.7 -10.1 

Data source: Federal Ministry of Economics and Energy (2014), p. 38 2 
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B. Praktiknjo / Erdmann – “Renewable Electricity and Backup 
Capacities: An (Un-)Resolvable Problem?” (2/4) 

 1 

Figure 1: Ordered day-ahead prices in Germany 2014 2 
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Figure 2: Contract for differences as support scheme for renewables 2 
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Figure 3: Reduction of market premiums to the level of backup costs 2 
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B. Praktiknjo / Erdmann – “Renewable Electricity and Backup 
Capacities: An (Un-)Resolvable Problem?” (3/4) 

 German renewable energy support scheme (mainly: wind and solar PV), 

considered by many critics as very expensive

Table 1: Electricity expenditures of final consumers in Germany 1 

 
2010 2011 2012 2013 2014* 

[billions of Euros] 

Total annual expenditures  60.9 63.6 64.3 71.0 70.3 

Expenditures induced by the government  17.2 23.0 23.3 30.0 32.3 

 Electricity taxes  6.4 7.2 7.0 7.0 6.6 

 Concession fees  2.1 2.2 2.1 2.1 2.0 

 Net support for renewable electricity  8.3 13.4 14.0 19.8 22.3 

 Net support of combined heat and power  0.4 0.2 0.3 0.4 0.5 

 Support for offshore grid (§ 17F ENWG)  - - - 0.8 0.8 

Expenditures regulated by the government  16.9 17.6 19.0 21.2 21.4 

 Fees for the transmission grid  2.2 2.2 2.6 3.0 3.1 

 Fees for the distribution grid  14.7 15.4 16.4 18.2 18.3 

Expenditures driven by the market  26.8 23.1 22.0 19.8 16.6 

 Market value of renewable electricity  3.5 4.4 4.8 4.2 4.1 

 Generation, marketing and sales*)  23.3 18.6 17.2 15.6 12.6 

*) Excluding expenditures for auto-generation; data source: Independent Expert Commission 2 

2015, p. 80 3 
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B. Praktiknjo / Erdmann – “Renewable Electricity and Backup 
Capacities: An (Un-)Resolvable Problem?” (4/4) 

 Both auctions for renewable capacity investments and market premiums are 

considered as problematic in controlling investments

 Proposed remedy: 

 Combined premium, supporting renewable generation undertakings through electricity 

retailers that integrate renewables into their portfolio

 Monthly paid to retailers that are responsible for balancing supply and demand in 

dependence of their monthly share of fluctuating renewables in their sales portfolio

 Premium in €/kWh of electricity sold; zero if renewable share is below a threshold 

value that grows with the share of renewables

 Concept would provide more competitive market environment, could be more fruitful 

for innovative concepts (e.g. storage, flexible / interruptible demand, other demand-

side measures), and be compatible with the single European electricity market

 But: Not accounting for risk & uncertainty and (partial) irreversibility of investment 

( usefulness of Real Options Analysis, which accounts for such investments by 

higher hurdle rates)
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Overview Special Issue The Energy Journal

Authors Theme Method Region

Green, Staffell, Strbac Market design long-distance

trade in RES-E

Engineering-

economic model

Europe

Neuhoff, Rüster, 

Schwenen

New Perspectives for

European Target Model

Conceptual analysis Generic (with emphasis on 

Europe + Germany)

Anaya, Pollitt Electricity markets coping with

high shares of RES-E

Conceptual analysis Germany, UK, NY State

Boffa, Cló, D‘Amato FIT and climate policy under

endogenous uncertainty

Game-theoretical

model

Europe (focus on ETS)

Bigerna, Bollino Optimal price design in 

wholesale electr. markets

Welfare optimization

Ramsey pricing

Italy

Bigerna, Bollino, Polinori RES-E and market power in 

view of grid congestion

Zonal Lerner index; 

Correlation analysis

Italy

Garnier, Madlener Virtual power plants (VPP), 

policy risks

(Sequential 2-stage) 

Real options model

Germany

Rosen, Madlener Local energy market design, 

prosumer

Conceptual analysis Europe, Germany

Gianfreda, Parisio, 

Pelegatti

Impact of RES-E on day-ahead

+ balancing markets

Econometric analysis

(VECM, cointegration)

Italy

Papaefthimiou, Souliotis, 

Andriosoupoulos

Grid parity of solar energy Learning curve

estimates

Global

Praktiknjo, Erdmann Merit order effect, policy

measure

Econometric model Germany

+ some more (review process still pending)

C
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C. Bigerna / Bollino – “Optimal Price Design in the Wholesale 
Electricity Market” (1/3)

■ Aim & scope: Construction of a new optimal price design mechanism for the 

electricity market (NEMD), aiming to solve a well-known problem due to market 

interaction of renewable energy sources (RES) and conventional thermal sources 

(CTS) for electricity production

■ The massive introduction of renewables, managed under a special regulatory 

regime of priority dispatch, has displaced thermal production units in many 

hours of the day

■ The authors find that the actual hourly market design is inadequate to achieve 

an efficient solution in the presence of a large and increasing share of RES

■ System marginal prices are decreasing and sometimes they are set equal to zero; 

thus wholesale market loses its fundamental role of sending the correct 

price signal to consumers and firms

■ The reason for this is that RES production enters in the market as supply at a 

zero price even if actual production costs are > 0 for almost all RES units

Source: Bigerna / Bollino (2016) 
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C. Bigerna / Bollino – “Optimal Price Design in the Wholesale 
Electricity Market” (2/3)

■ An optimal design is proposed to determine zonal prices in an organized 

electricity market, changing the electricity market rules in Italy to take into 

account four important market imperfections: 

≡ line congestion, 

≡ the existence of supply market power, 

≡ zero price for RES and the 

≡ heterogeneity of buyers’ behavior

■ The authors claim that in a new market design bids for renewable should be based 

on the levelized cost of electricity (LCOE) (if appropriately computed the true 

long-term opportunity cost of RES for the society), so that renewable sources 

can compete with conventional sources on a more leveled playing field

■ This in turn implies that some RES units are not despatched in the day-ahead 

market, with a clear disadvantage for the achievement of green targets

■ The positive contribution of RES sources to the environment can be restored by 

treating the RES units as must-run entities in the ancillary service markets

Source: Bigerna / Bollino (2016) 



High Shares of Renewable Energy Sources and Needs for Electricity Market Reform 

Reinhard Madlener   |  Energy Economics Iberian Conference 2016   |  05.02.2016

33

C. Bigerna / Bollino – “Optimal Price Design in the Wholesale 
Electricity Market” (3/3)

■ To take market externalities such as line congestion and network security 

management into account, the authors propose using a Ramsey optimal price 

scheme

■ To this end, a complete demand system with different zonal behavior in the Italian 

electricity market and recovered estimations of zonal elasticities is estimated 

■ Simulating the proposed scheme for the Italian market in 2013, overall savings for 

the consumer in the order of 10% are obtained, which shows that it is possible to 

improve the efficiency and welfare of the electricity market

■ Most important policy implications: an efficient solution is viable in the energy-

only market, disposing of the distorting RES subsidy system and it is not 

necessarily any need to resort to additional market complications, such as the 

creation of a capacity market.

Source: Bigerna / Bollino (2016) 
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Overview Special Issue The Energy Journal

Authors Theme Method Region

Green, Staffell, Strbac Market design long-distance

trade in RES-E

Engineering-

economic model

Europe

Neuhoff, Rüster, 

Schwenen

New Perspectives for

European Target Model

Conceptual analysis Generic (with emphasis on 

Europe + Germany)

Anaya, Pollitt Electricity markets coping with

high shares of RES-E

Conceptual analysis Germany, UK, NY State

Boffa, Cló, D‘Amato FIT and climate policy under

endogenous uncertainty

Game-theoretical

model

Europe (focus on ETS)

Bigerna, Bollino Optimal price design in 

wholesale electr. markets

Welfare optimization; 

Ramsey pricing

Italy

Bigerna, Bollino, Polinori RES-E and market power in 

view of grid congestion

Zonal Lerner index; 

Correlation analysis

Italy

Garnier, Madlener Virtual power plants (VPP), 

policy risks

(Sequential 2-stage) 

Real options model

Germany

Rosen, Madlener Local energy market design, 

prosumer

Conceptual analysis Europe, Germany

Gianfreda, Parisio, 

Pelegatti

Impact of RES-E on day-ahead

+ balancing markets

Econometric analysis

(VECM, cointegration)

Italy

Papaefthimiou, Souliotis, 

Andriosoupoulos

Grid parity of solar energy Learning curve

estimates

Global

Praktiknjo, Erdmann Merit order effect, policy

measure

Econometric model Germany

+ some more (review process still pending)

D
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D. Bigerna et al. – “Renewable Energy and Market Power in the Italian 

Electricity Market” (1/4)

■ During favorable weather conditions, such as sunny or windy hours, increasing 

supply of renewable energy sources (RES) generation exerts a downward 

pressure to the formation of the equilibrium price in the market and at the same 

time forces an increase in line congestion

■ The aim of this paper is to investigate whether such RES increase has affected 

the exercise of market power in the Italian Power Exchange (IPEX), explicitly 

considering transmission line congestion

■ In general, a functioning electricity market should yield equilibrium prices higher 

in the peak hours and lower in the off-peak hours

■ However, in Italy has been a reversal of equilibrium prices especially due to the 

abundance of solar RES in the daily peak hours, whereby average prices in the 

peak hours have been structurally lower than average prices in the off-peak hours

Source: Bigerna et al. (2016)



High Shares of Renewable Energy Sources and Needs for Electricity Market Reform 

Reinhard Madlener   |  Energy Economics Iberian Conference 2016   |  05.02.2016

36

D. Bigerna et al. – “Renewable Energy and Market Power in the Italian 

Electricity Market” (2/4)

The Italian Electricity Market Development

■ Market splitting with different marginal prices (SMP: system marginal price)

≡ Market splitting occurs in case of bids exceeding the physical transmission capacity

of the grid across geographical zones defined by the transmission system operator (TSO)

≡ The resulting price is higher in an importing zone and it is lower in an exporting zone. 

Generators in each zone receive the zonal SMP, while all buyers throughout Italy pay 

a unique SMP, which is the average of the zonal SMP

Fig. 10: Six geographical

zones in Italy

≡ There are different combinations of geographical 

zones that can form a market zone (e.g., in a two-zone 

configuration there are 6 different ways to split Italy in 

two market zones)

Fig. 9: Share of

market zones

emerged from

2010–2013 

Source: Bigerna et al. (2016)
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D. Bigerna et al. – “Renewable Energy and Market Power in the Italian 

Electricity Market” (3/4)

■ In the period 2010-2013 RES supply grew strongly

■ In this time main structural changes in the Italian day-ahead market (DAM) could 

be recorded:

≡ An increase in transmission congestion, resulting in a decrease from 18% to 12% in 

the number of hours when there is one market (and hence one price) and an increase

from 40% to 52% in the number of hours when there are two markets

Fig. 11: RES Growth in Italy (MW)

≡ Initially, combined cycle gas plants have 

substantially contributed to the market power

exercised by individual operators during the 

daily peak hours; more recently, this behavior 

appears to be more intense during evening 

hours

≡ Operators not equipped with an appreciable 

proportion of RES could therefore be forced 

out of the merit order during usual peak hours

≡ This raises the issue of a potential increase 

in market concentration

Source: Bigerna et al. (2016)
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D. Bigerna et al. – “Renewable Energy and Market Power in the Italian 

Electricity Market” (4/4)

■ The authors determine a need for a new market design, which includes the 

introduction of (more efficient) long-term contracts and capacity payments, which 

is apt to provide mechanisms to ensure efficient operation levels of 

conventional plants, allowing for a profitable recovery of the fixed costs of the 

most efficient and newest fossil plants

■ Such mechanisms must necessarily take into account that the Italian electricity 

market is currently characterized by a quite low degree of contestability, 

resulting from both high RES penetration and abundant unutilized capacity

■ In conclusion, the promotion of efficiency should be the main driver of the new 

market design in which more efficient long-term contracts can play a crucial role

Source: Bigerna et al. (2016)
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Overview Special Issue The Energy Journal

Authors Theme Method Region

Green, Staffell, Strbac Market design long-distance

trade in RES-E

Engineering-

economic model

Europe

Neuhoff, Rüster, 

Schwenen

New Perspectives for

European Target Model

Conceptual analysis Generic (with emphasis on 

Europe + Germany)

Anaya, Pollitt Electricity markets coping with

high shares of RES-E

Conceptual analysis Germany, UK, NY State

Boffa, Cló, D‘Amato FIT and climate policy under

endogenous uncertainty

Game-theoretical

model

Europe (focus on ETS)

Bigerna, Bollino Optimal price design in 

wholesale electr. markets

Welfare optimization; 

Ramsey pricing

Italy

Bigerna, Bollino, Polinori RES-E and market power in 

view of grid congestion

Zonal Lerner index; 

Correlation analysis

Italy

Garnier, Madlener Virtual power plants (VPP), 

policy risks

(Sequential 2-stage) 

Real options model

Germany

Rosen, Madlener Local energy market design, 

prosumer

Conceptual analysis Europe, Germany

Gianfreda, Parisio, 

Pelegatti

Impact of RES-E on day-ahead

+ balancing markets

Econometric analysis

(VECM, cointegration)

Italy

Papaefthimiou, Souliotis, 

Andriosoupoulos

Grid parity of solar energy Learning curve

estimates

Global

Praktiknjo, Erdmann Merit order effect, policy

measure

Econometric model Germany

+ some more (review process still pending)

E
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E. Rosen / Madlener – “Regulatory Options for Local Reserve Energy 

Markets” (1/5)

■ The centralized, hierarchical organization of the current energy system cannot 

adequately accommodate decentralized electricity generation

■ By enabling trading in a local market, a lot more distributed energy generation, 

whether it is renewable or not, can be absorbed by giving incentives for adequate 

balancing and controlling neighboring devices

■ The key hereby is the involvement of the owners these small-scale devices, who 

can be characterized as prosumers

■ There are two solution concepts that are relevant in this context and build the 

basis for such a local market: microgrids and virtual power plants (VPPs)

■ The concepts of microgrids and VPPs are closely related, because in both cases 

some type of control unit needs to define target value for the level of energy 

production

■ Main difference is that in a microgrid, this value is determined from an internal 

optimization, whereas for a VPP, it is given by the sales volume, which results 

from external processes

Source: Rosen / Madlener (2014)
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E. Rosen / Madlener – “Regulatory Options for Local Reserve Energy 

Markets” (2/5)

■ The paper builds upon the idea of a microgrid which connects private 

households with and without electricity generation equipment, and it introduces a 

local reserve energy auction market, where such self-produced electricity can 

be traded

■ Microgrids are small grids within the major electricity grid, which can 

disconnect and sustain themselves

Fig. 12: Microgrid

■ In addition to a balanced proportion of 

energy producers as well as 

consumers, they employ smart 

technology to coordinate production 

and consumption at any point in time 

■ They are of particular interest for 

grids with high blackout rates, and for 

islands without connection to a major 

grid

Source: Rosen / Madlener (2014)
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E. Rosen / Madlener – “Regulatory Options for Local Reserve Energy 

Markets” (3/5)

■ This “islanding mode” has been recognized as being an advantageous feature 

also for areas connected to the general grid

■ In the case of grid disturbances, such as black-outs, a microgrid can encapsulate 

itself and remain stable

■ Under normal conditions, it can operate as an open microgrid, i.e. interchanging 

as much electricity with the grid on the next higher level as desired

■ Compared to a VPP, the main difference is that a VPP is used to export electricity, 

for example for trading, i.e. producing electricity only for an external party

■ Assuming that sufficient generation capacity is available, the business model of a 

microgrid can easily be transformed into that of a VPP

■ In that case, the existing technical infrastructure only needs to be reprogrammed 

to follow the desired sales volume instead of the balancing target

Source: Rosen / Madlener (2014)
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E. Rosen / Madlener – “Regulatory Options for Local Reserve Energy 

Markets” (4/5)

■ In a decentralized system, local generators and consumers should be able to 

trade directly and without barriers with each other as well as with large 

renewable energy producers, such as neighboring wind farms

■ To date, the local energy market is a theoretical construct

■ Main stakeholders of local markets are the government, private households, the 

TSOs, the distribution system operators (DSOs), and utilities or energy service 

companies

■ The government plays a crucial role in establishing the market, determining its 

conditions, and mediating the interactions

■ Rules need to be clear-cut and simplistic and it is paramount that the market is 

easy to understand and easy to interact with in order to create something 

comparable to an “energy-eBay”, where users enjoy bidding and selling their 

energy 

 e.g. smartphone apps can bring the trading close to the household, keeping 

it in the loop at all times

Source: Rosen / Madlener (2014)
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E. Rosen / Madlener – “Regulatory Options for Local Reserve Energy 

Markets” (5/5)

■ It is discussed how the current regulatory framework can be used and extended 

to accommodate renewable, decentralized energy generation in local energy 

market settings

■ The most important concept to implement an internal market are balance groups:

≡ Every grid user is part of a balance group, which is managed by a balance group 

responsible party (BGRP) and takes care of balanced drain and injection of electrical 

current in every quarter of an hour

≡ For any departure from his registered plans, he is billed by the TSO for the usage of 

reserve energy

≡ The producers and consumers are assumed to submit flexible offers that cover a certain 

period of time during which the cheapest are called whenever necessary

■ With some simple amendments to current regulation, these local markets can be 

organized by the BGRPs

■ This not only reduces grid losses, but also helps to better integrate renewable, 

decentralized energy generation and thereby supports the attainment of the 

ambitious energy policy goals for 2030 put forward by the EU

Source: Rosen / Madlener (2014)
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Overview Special Issue The Energy Journal

Authors Theme Method Region

Green, Staffell, Strbac Market design long-distance

trade in RES-E

Engineering-

economic model

Europe

Neuhoff, Rüster, 

Schwenen

New Perspectives for

European Target Model

Generic (with emphasis on 

Europe + Germany)

Anaya, Pollitt Electricity markets coping with

high shares of RES-E

Conceptual analysis Germany, UK, NY State

Boffa, Cló, D‘Amato FIT and climate policy under

endogenous uncertainty

Game-theoretical

model

Europe (focus on ETS)

Bigerna, Bollino Optimal price design in 

wholesale electr. markets

Welfare optimization; 

Ramsey pricing

Italy

Bigerna, Bollino, Polinori RES-E and market power in 

view of grid congestion

Zonal Lerner index; 

Correlation analysis

Italy

Garnier, Madlener Virtual power plants (VPP), 

policy risks

(Sequential 2-stage) 

Real options model

Germany

Rosen, Madlener Local energy market design, 

prosumer

Conceptual analysis Europe, Germany

Gianfreda, Parisio, 

Pelegatti

Impact of RES-E on day-ahead

+ balancing markets

Econometric analysis

(VECM, cointegration)

Italy

Papaefthimiou, Souliotis, 

Andriosoupoulos

Grid parity of solar energy Learning curve

estimates

Global

Praktiknjo, Erdmann Merit order effect, policy

measure

Econometric model Germany

+ some more (review process still pending)

F



High Shares of Renewable Energy Sources and Needs for Electricity Market Reform 

Reinhard Madlener   |  Energy Economics Iberian Conference 2016   |  05.02.2016

46

F. Garnier / Madlener – “The Influence of Policy Regime Risks on 
Investments in Innovative Energy Technology” (1/5)

■ Aim & scope: Study on the effects of policy regime risks in interaction with 

wholesale market dynamics on investments in innovative energy technology

■ It is motivated by two observations: 

(1) ongoing debate about power market design reforms in numerous countries,

with potentially drastic implications for the economic attractiveness of different

energy technologies 

(2) there is a gap between required and actual investment levels with respect

to innovative technologies and business models for low-carbon, smart energy

infrastructure

■ The analysis reveals two aspects of policy regime risks: a policy content effect 

relating to actual market dynamics resulting from a (new) policy regime, and a 

policy process effect relating to (uncertainty about) the speed and probability of 

a regime change

■ It further details the need to account for technology-specific investment 

responses to different policy regimes and risks, caused by different degrees of 

market vs. subsidy exposure, and differences between platform vs. non-platform 

technologies
Source: Garnier / Madlener (2015)
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F. Garnier / Madlener – “The Influence of Policy Regime Risks on 
Investments in Innovative Energy Technology” (2/5)

■ Lock-in effects from subsidy schemes, advantage of decreasing support 

schemes (waiting becomes less attractive)

■ Perhaps most notably, virtual power plants (VPP) are far from fully leveraged, 

despite the importance assigned to them for the further integration of distributed 

energy resources (DER) into power markets

■ VPPs connect and coordinate geographically dispersed DER by information 

and communication technology (ICT) to operate them as an integrated power plant

■ VPPs increase the transparency over available DER capacities, enable higher 

efficiency in DER operations, and support system stability in view of intermittent 

renewable energy supply. 

■ VPPs are essential prerequisites to better integrate the increasing DER 

capacities into power markets and leverage their full value potential

Source: Garnier / Madlener (2015)
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F. Garnier / Madlener – “The Influence of Policy Regime Risks on 
Investments in Innovative Energy Technology” (3/5)

Fig. 4: Virtual power plant
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F. Garnier / Madlener – “The Influence of Policy Regime Risks on 
Investments in Innovative Energy Technology” (4/5)

■ The developed model shows that both a policy content effect as well as a policy 

process effect can be observed

■ The value of investing in a VPP platform as a market-dependent technology is 

strongly affected by the contents of the given policy regime

■ Investments in technologies whose value depends on market rather than subsidy 

developments are postponed whenever the current or anticipated market design 

implies great volatility – be it for reasons of a higher expected profit or due to the 

risk of unfavorable market developments

■ The analysis shows that investment decisions regarding (partly) subsidized 

technologies are more likely to be postponed under regimes with stable subsidies 

than in regimes with declining subsidies

■ The policy process effect is identified as a further effect on rational investment 

decisions, as the degree to which NPV and option value are affected by anticipa-

ted changes in market  design is strongly influenced by expectations about 

timing

Source: Garnier / Madlener (2015)
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F. Garnier / Madlener – “The Influence of Policy Regime Risks on 
Investments in Innovative Energy Technology” (5/5)

■ VPP platforms present an innovative energy technology with great exposure to 

market risks, and ultimately policy regime risks, which (may) influence market 

parameters

■ But the results of the numerical example confirm that market exposure and 

policy regime risks may indeed be a reason that potential investors have 

preferred to postpone VPP investments.

■ Finally, the paper underlines the importance of predictable policymaking to 

stimulate risky investment

■ Limitation of this exploratory study: focus on a rational, risk-neutral investor (a 

pre-condition for applying real options analysis); in reality, investors may not be 

acting perfectly rational

Source: Garnier / Madlener (2015)
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Presentation Outline

1. Challenges of a future with high shares of renewables (RES-E) 

2. EU climate and energy targets

3. Key messages of selected contributions to the Special Issue The Energy Journal 

on “High Shares of Renewable Energy Sources and Need for Electricity Market 

Reform”

4. Some Conclusions 
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4. Some Conclusions (1/2)

1. Ambitious policy targets require investor-friendly climate (low risk, sufficient 

profitability) and consistent and reliable regulatory adaptation

2. Subsidies bear the danger of not being temporary and becoming excessive, 

spreading even to the conventional power market (reserve capacity market), 

undermining efficiency gains hoped for by competitive, liberalized markets

3. Households and SMEs share the main burden of the German EEG levy 

scheme, while a large part of the industry benefits from exemptions (for the sake 

of international competitiveness), based on flawed yardsticks (energy intensity)

4. ICT as enabling (and potentially disruptive) technologies for smart and 

increasingly distributed systems, enhances the flexibility of consumers / 

prosumers and thus the functioning of the price mechanism (potentially reducing 

‘missing money problem’)

5. Scope for market power abuse needs to be analyzed frequently in a dynamic 

market environment with high shares of RES (e.g. by advanced econometric 

techniques)
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4. Some Conclusions (2/2)

6. Economic efficiency and distributional issues to be tackled as well to maintain 

public acceptance, sound welfare analyses needed for policy guidance

7. Merit order effect as a major challenge (‘missing money problem’) for both 

conventional and renewable power generation technologies, can be tackled by 

providing corrected price signals (e.g. opportunity cost of subsidized RES)

8. Challenge for energy economists: Develop market designs / mechanisms that 

are robust against high amounts of intermittent generation, and that enable the 

mitigation of excess windfall profits and market power abuse

9. Incumbent energy companies face disruptive challenges, due to increasingly 

decentralized multi-player system (instead of hierarchical top-down system), but 

also due to the market entry of non-energy firms (e.g. ICT)

10.The trend of households in becoming more active players (“prosumers”) and 

technological innovation seem to be paramount for the induced ongoing 

paradigm shift and hence also market design adaptation needs
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