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• Majority of energy consumption (~80%) traded in Nord Pool Spot 
day-ahead market (DAM) 

• Trades in DAM basis for settlements 
• TSO single buyer in balancing market 
• Both DAM and BM are energy-only markets 
• By regulation: 
 Balancing market priceup     > day-ahead market price 
  Balancing market pricedown < day-ahead market price 

 

Nordic day-ahead and balancing markets 
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Market timeline 

Hour of production 

Day-ahead 
market bidding 

Balancing market bidding 
(Tertiary reserves) 

Balancing market 
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Decision stages: Separate vs Coordinated bidding 

1. Day-ahead  
market bidding 

2. Balancing  
market bidding 

3. Dispatch 

Separate bidding 

Coordinated 
bidding 

Day-ahead market price branch 
Balancing market price branch 



Are we able to forecast 
balancing market 
prices? 



Benchmarking of 
balancing market price 
premiums for price 
area NO2 balancing 
prices week 1-12 2013 
 
Models for: 
- Balancing market 

states 
- Balancing market 

volumes 
- Balancing market 

price premiums 
𝛿𝛿 = 𝜌𝜌𝐵𝐵𝐵𝐵 − 𝜌𝜌𝐷𝐷𝐷𝐷𝐷𝐷  
 



Name Balancing state Balancing 
volume 

Balancing market 
price 

Inspiration 

EXO Arrival rate AR1 for 
unevenly 
spaced ts 

Function of price, 
volume and 
direction 

Jahnert et al 
2009 

ARM Markov None ARMA Olsson & 
Söder 2008 

ARX None None AR1 with DaM as 
exogenous input 

Boomsma et 
al 2014 

ARMA None None ARMA(1,1) Jahnert et al 
2009 

Naive None None Similar day Conejo et al 
2005 

Models for balancing market price premiums 



MAE for BM price premium point forecasts 



Evaluation of BM price premium probablisitic 
forecasts 

 



 
• Point forecasts: 

• No method gives informative day-ahead forecasts 
• Naive forecasts are hard to outperform for hour ahead forecasts 
 

• Probabilistic forecasts: 
• Methods which explicitly model the balancing state gives a 

better representation of the variance 
• Important to separate the probability of a balancing event from 

the probability of its magnitude 
 

Balancing market price forecasts - conclusions 



Coordinated vs 
separate day-ahead 
market bidding 
Is coordinated bidding 

worth the effort? 





BM price premium 
compared to DAM 

Water value compared to DAM price 

Low High 

Low Bid so that expected 
production equals 0 

Bid so that expected 
production is according 
to water value 

High Bid in order to benefit 
from down-regulation 

Hold back volumes in 
DAM to benefit from 
up-regulation 

How will day-ahead market bidding benefit 
from modelling the balancing market? 



Case study: Coordinated vs separate BM-bidding 

• Four-day case from autumn 2012 
• Real data provided by Norwegian hydro 

power producer 
 

Larger 
reservoir 

Smaller 
Reservoir 



• Traded volumes are a result of random events 
• Volumes must and will be limited, seen from a system security 

point of view 
• Thus, the producer faces an uncertain balancing direction and 

balancing state 
 -> Risk of not being dispatched 
-> Limits (random) to how much that can be sold in BM 
 
The EXO-model was used both for modelling balancing market 
volumes and balancing market price premiums. 

Modelling of the balancing market 



• Extremely hard problem to solve: 
• Minimum scenario set with 300 scenarios (30 DAM * 10 BM 

price scenarios) 
• Solution times 8700 s (~ 3 hours)  

• CPLEX 12.2 on an 8-core 2.6 GHz HP CPU with 64Gb RAM 

Calculation times experiences 



Profit increase compared to one 
day income 

Coordinated vs. Separate bidding 0.1% 

Participating vs. Not participating in 
the balancing market 

3.1% 

Case study gains from coordinated bidding and 
balancing market participation 



… but DAM bids exhibited new patterns… 

Dashed line = separate 
Solid line = coordinated 



• Modelling coordinated bidding is computationally challenging  
• Gains from coordinated bidding seems limited 
• It has a value to participate in the balancing market 
• Bids reflect more positioning for flexibility - might increase value 

with higher price differences in DAM and BM 
 

Conclusions 
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