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Belgian context

• Installed capacity in 

2015: 22 GW

• Installed <> Reliable 

Available Capacity

• Installed <> Load 

factor

• NG PP: Mothballing, 

Decommissioning, 

Strategic Reserves

Source: FEBEG (consulted on 22/06/2016). 
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The ‘intermittency’ of nuclear

• D1, D2, D3, D4

• T1, T2, T3

• Availability of BE 

nuke in 2015 

particularly low 

• Legal context

• “Sabotage” 

• Hydrogen flakes

• …

Source: Elia, FPB own calculations. 
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What is the impact of nuke on wholesale power 

prices? 

• Nuclear: at the 

LHS of the MOC 

(“baseload”)

• FBMC: highly 

interconnected 

country
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Merit-order effect

In Belgium, RES + Nuclear < Demand: price is determined in upper part 

of the merit-order curve (MOC) (mostly gas-fired power plants)

 A change in nuclear generation capacity “shifts” the upper part of the 

MOC, hence impacting the price

Determination of MOC via 

1. Empirical estimation of merit-order effect

• Easier to compute/fewer assumptions

• Based on real world observations

2. True optimisation based on generation units’ and interconnection 

characteristics

• Relying on exhaustive information (time consuming)

• Theory and reality don’t always agree (e.g. perfect market)
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Dual methodology

Analysis 1

• Econometric analysis

• Built in-house 

• Heat-Rate vs. residual load 

(Andersson & al., 2013) with 

AR-GARCH residuals (Phan & 

Roques, 2015)

• Data: 

• Variety of public sources

• Limited missing data (1.4% of 

wind production data missing): 

time-series based statistical 

imputation

Analysis 2

• Optimisation

• Crystal Super Grid, acquired 

from Artelys

• Unit commitment, optimal 

dispatch

• Scenario analysis

• Data: 

• Publicly available databases:

• ENTSO-E

• IEA

• European TSO websites
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• Large share of 

nuclear generation, 

but highly variable => 

shifts the MOC back 

and forth

• Strong reliance on 

imports (> 25% for 

sustained periods of 

time) => affects the 

shape of the 

empirical MOC

Empirical data : Belgium’s specifics
Analysis 1
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“Spot price vs. grid load”: 

• ok in the short term (cf. red

curve or blue curve alone)

• but possibly wrong in the long

term (black = red + blue sample)

Remediation:

1. Fuel price effect => heat-rate

curve

2. RES and nuclear generation 

variation => residual grid load

3. Importance of import/export => 

netting out

The result is satisfying = stable curve 

in the long term (blue curve ~ red 

curve)

Empirical data : pre-processing (example)

Analysis 1
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Model specification

Stable empirical relationship (cf. previous slide) :

𝑆𝑝𝑜𝑡𝑃𝑟𝑖𝑐𝑒𝑡
𝐹𝑢𝑒𝑙𝑃𝑟𝑖𝑐𝑒𝑡

= 𝑓 𝐺𝑟𝑖𝑑𝐿𝑜𝑎𝑑𝑡 − 𝑅𝑒𝑛𝑒𝑤𝑎𝑏𝑙𝑒𝑡 − 𝑁𝑢𝑐𝑙𝑒𝑎𝑟𝑡 − 𝑁𝑒𝑡𝐼𝑚𝑝𝑜𝑟𝑡𝑠𝑡 + 𝜀𝑡

f => statistically estimated on the data

f known => variation in nuclear generation at a given fuel price level 

could then be translated into a spot price impact …

… but endogeneity issue …

… in Belgium imports are significant, and not independent from changes 

in nuclear capacity: high capacity => lower prices => less imports … 

 Net imports must stay in the demand, as if interco = part of the MOC: 

less precise, but fine for average impact

Analysis 1
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Model estimation

The ARX-GARCH model is formally written 

𝑦𝑡 = 𝜇 + 𝛾 ∙ 𝐺𝐿𝑡 − 𝑅𝐸𝑆𝑡 − 𝑁𝑡 +  𝑙=1
24 𝜑𝑙 ∙ 𝑦𝑡−𝑙 + 𝜀𝑡

𝜎𝑡
2 = 𝛼 ∙ 𝜀𝑡−1

2 + 𝛽 ∙ 𝜎𝑡−1
2

With y the spot price to gas price ratio, GL the grid load, RES the 

renewable generation, N the nuclear generation, and σ the standard 

deviation of the residual ε, supposed to have a skewed student

distribution 

• Estimation on hourly data jan-2013 => march-2016 (28464 obs.)

• Good fit properties : no structure left in the residuals, good adequation 

to skew-student distribution

• Using rugarch package (A. Ghalanos, 2014) in the R environment  

Analysis 1
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Econometric model: Results

• Significant coefficients for autoregression at lag 24: some hourly 

seasonality not implied by residual load. Significant winter vs. 

summer, daytime vs. nighttime, and sunday effects. 

• Significant coefficient γ for the residual load, estimated at 0.206

 1 GW increase in residual load causes a 0.206 increase in the marginal 

heat-rate

 For a natural gas price of 15 €/MWh, a 1 GW increase in residual load 

hence causes an increase of 3.1 €/MWh in spot prices

 At the end of 2015, 2.5 GW increase in nuclear generation capacity. 

Not correlated with demand or RES production => 2.5 GW shift in 

residual load. Estimated impact is therefore a decline of some 7.75

€/MWh in spot prices. 

Analysis 1
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Crystal Super Grid

• Hourly load profile, 

power plant ramp up 

and emission trading

• Analysis on three 

levels

• Marginal cost effect

• Welfare 

• Consumer surplus

• Producer surplus 

per technology

• CO2 emissions

• National

• European

Source: Elia, 2016. 

Analysis 2
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Crystal Super Grid: Results

Objective function: 
Minimise overall generation 

costs across EU to meet 

demand subject to 

generator technical 

characteristics

2 scenarios:

• BE with D3, T2 and D1

• BE without D3, T2 and D1 

Marginal cost (proxy for 

wholesale PP) effect:

• On average over a year: 

3.8 €/MWh 

• [0-30.2] €/MWh

Analysis 2
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• Impact nuke on wholesale prices is undeniable: 

• The merit-order effect

• Two analyses confirm downward influence of [3.8-7.8] €/MWh

• Can be positive (consumer surplus) but may have negative 

consequences

• Producer surplus for certain technologies decreases

• Could hamper required/much needed investments 

• Studies of national TSO and FPB point to an urgent investment 

need in BE -> nuclear phase out

• May have a delaying effect on energy transition

• Depressing effect on power prices

• Further research: econometric model to scrutinise BE 

wholesale power prices and causal relationships between 

variables, including outage rates

Conclusions
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Thank you!

www.plan.be, theme Energy

dd@plan.be

bl@plan.be
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