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Motivation

• Cross-border transmission capacity is important to facilitate increasing share of wind and solar power in 
the energy mix:
✓ High wind and solar regions vs high demand centers
✓ Intermittency of solar and wind

• EU: 23% share of renewables in energy consumption in 2022 and goal of 45% by 2030

• Requires substantial investment in cross-border transmission capacity.
• EU Action Plan for Grid: double current cross-country transmission capacity by 2030
• Additional 23 GW is being incorporated by 2025
• A further 64 GW is needed by 2030
• If no further capacity: curtailments of 35 TWh/year of RES

• Potential political challenge: interconnection also causes price convergence



NordLink

• NordLink is a sub-sea power cable that connected NO2 

and Germany for the first time

• Opened on December 9, 2020

• Has a capacity of 1400 MW

• The cable is meant to increase supply stability and value 

of surplus energy in both NO2 and Germany

• However, concerns have been raised of it being an export 

cable from NO2 to Germany

• But prices in Germany are often lower than prices in NO2 

due to high shares of solar and wind



This project
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This project

• We will use a quantile regression model to estimate the impact of NordLink on prices in NO2 

and Germany.

• We will compare prices before and after NordLink while controlling for fundamental drivers of 

short-term electricity prices, e.g. demand, production technologies, fuel prices.

• We will use the hourly electricity market data as a panel rather than time series.

• We find that NordLink increases upper quantile prices in Norway and decreases upper quantile 

prices in Germany.



⇒ Our contribution: Use the fixed-effects quantile regression method to 

explore the impact of cross-country interconnection on price

convergence and volatility

Literature

• Effect of market integration on prices (Valeri, 2009; de Menezes and Houllier, 2015; Keppler et al., 

2016; Sapio, 2019) 

✓ Interconnection generally leads to price convergence but uncertain effect on price volatility

• Merit order effect of renewables (Cludius et al., 2014; Ketterer, 2014; Paraschiv et al., 2014; 

Maciejowska, 2020; Tselika, 2022) 

✓ Wind and solar decrease prices but can increase volatility

• Quantile regression analysis of electricity markets (e.g., Bunn et al., 2016; Hagfors et al., 2016; Do 

et al., 2019; Sapio, 2019; Maciejowska, 2020) 

✓ Investigate the effect of fundamental variables on the full price distribution

• Panel data models of electricity prices (e.g., Huisman et al., 2007; Keppler et al., 2016; Tselika, 

2022) 

✓ Hourly spot prices should not be be considered as 24 independent time series
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Data

• Hourly day-ahead spot electricity price (EUR/MWh) in NO2 and Germany from ENTSO-E:

• Start: First trading hour on October 1, 2018 (splitting of DE-AT-LU)

• End: Last trading hour on September 30, 2021 (opening of NorthSeaLink)

• Price fundamentals from ENTSO-E:

• Hourly day-ahead total load forecast (GW) in NO2 and Germany

• Hourly day-ahead generation forecast for wind (GW) in NO2 and Germany

• Hourly day-ahead generation forecast for solar (GW) in Germany

• Aggregated filling rate of water reservoirs (%) in NO2 from NVE

• Daily gas prices and EUA prices (EUR/MWh) from Bloomberg



Descriptive statistics
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Price fundamentals



Method



Fixed-effects panel quantile regression (MMQR)

• A novel estimator for quantile regression with fixed-effects analogue to the standard FE 

model for panel data (Machado and Santos Silva, 2019) 

where 𝑄𝑝 is the 𝜏-th quantile ∈ (0, 1) of the day-ahead spot price in bidding zone z, hour 𝑖, day 𝑡

𝐶𝑡 is a dummy for when NordLink opened (Dec. 9, 2020) 

Explanatory variables: 

• 𝐿𝑖𝑡 - forecasted load

• 𝑊𝑖𝑡 - forecasted wind generation

• 𝑆𝑖𝑡 - forecasted solar generation (only Germany) 

• 𝑅𝑡 - dummy for below-median filling rate in reservoirs (only NO2) 

• 𝐺𝐴𝑆𝑡−1 - 1-day lagged gas price

• 𝐸𝑈𝐴𝑡−1 - 1-day lagged EUA price



Linear regression with interaction terms

• We extend our baseline analysis of electricity prices by exploring whether the opening of

NordLink and electricity market coupling have influenced the relationship between spot prices

and their explanatory variables.

• The model includes the same explanatory variables as in the MMQR model, only that they

are now interacted with the cable dummy, 𝐶𝑡.



Results



MMQR NordLink results
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Explanatory variables
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Discussion

Price convergence:

• NO2 spot price increased by 0.516 EUR/MWh

• Germany spot price decreased by 1.634 EUR/MWh

• The price difference between the two regions narrowed, as electricity could flow 

through NordLink.

Gas price impact changed:

• In NO2: Electricity prices became more sensitive to gas price changes. 

Consumer impact:

• Lower prices in low-demand hours but higher prices in peak hours → Making 

electricity more expensive at crucial times. 

• Greater price volatility → Harder for consumers to predict costs.
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Conclusion

• We conducted a quantile regression analysis to study the impact of NordLink, a 

transmission cable between Norway (NO2) and Germany.

• We used quantile regression with fixed effects to assess price changes across the full 

price distribution.

• NordLink had a modest direct impact on average prices but significant effects on price 

distribution and volatility.

• Policy implications: Market integration must consider volatility, distributional effects, and 

consumer welfare—not just average prices.

• Power producers can recognize opportunities and shape strategies based on the 

changes in the market due to NordLink.
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Thank you!

Feel free to contact me at 
kyriaki.tselika@nhh.no
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