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1 INTRODUCTION 

 

Carbon dioxide levels are higher than at any point in at least the past 800 000 years and 

keep rising mainly as a result of the fossil fuels that are burned for energy (Blunden & 

Arndt, 2019). Designing appropriate environmental policies is vital in order to meet the 

Kyoto protocol’s carbon dioxide (CO2) reduction targets, and emission trading has been 

implemented as a cost-effective way to reduce emissions. The European Emission 

Trading System (EU ETS) is the EU’s key tool for reducing its emissions of manmade 

greenhouse gases and is the world’s first and by far largest multinational cap-and-trade 

program for the carbon dioxide market in the world. The EU Emission Trading System is 

currently covering more than 11,000 power stations, industrial plants and flights between 

airports of the 31 participating countries (European Union, 2015). These emit together 

around 2 billion tons of CO2 annually and account for around 50% of all greenhouse gases 

(GHGs) in the participating countries (European Commission, 2018). The EU ETS is a 

‘cap-and-trade’ system, meaning that a maximum cap is set on the total volume of GHG 

emissions that can be emitted from participating installations and aircraft operators. The 

cap is designed to decrease annually in order to reach the goal of a carbon neutral EU in 

2050. The proposed cap set for the next trading period starting in 2020 represents a 21% 

reduction of greenhouse gases compared to when the EU ETS was implemented in 2005. 

Through the system a market-based cost is associated with CO2 emissions and the 

allowances (each allowance corresponding to a one-time right to emit 1 ton of CO2) can 

be traded between the participants so that the total emissions stay within the cap. In this 

manner, the right to emit emissions is treated as a tradeable asset with an allowance price 

that is determined by the supply and demand in the market. 

 

The EU Emission Trading System was launched in 2005 as a cost-efficient way to reach 

the EU’s climate change target of reducing emissions with 40% by 2030 compared to 

2005 levels. The system reduces emissions in a cost-effective and economically efficient 

manner by ensuring that emissions are cut where it costs the least to do so (Council 

Directive, 2003). Emission trading provides flexibility by allowing firms to choose where 

and when to reduce emissions. In this way, the cheapest options for reducing emissions 

are selected first. A robust emission allowance price further promotes investment in low-
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carbon technologies by changing the market conditions to favour low-carbon production 

processes.  

 

The energy industry is one of the most interesting sectors in the EU ETS, as it is the 

biggest sector covered in the scheme by accounting for around 41% of the European CO2 

emissions (International Energy Agency, 2018). The energy market differs from other 

sectors regulated by the EU ETS by the non-storable nature of electricity and because of 

the limited transmission capacity and/or connections. Another difference is that the 

emissions from energy production depend on the electricity generation sources, which are 

different in each country and provides differing possibilities to reduce emissions. Because 

of these factors, concerns regarding the interaction between electricity markets and 

emission trading have been raised. 

 

The effect of emission trading on electricity prices is rather simple; the emission 

allowance costs increase the production costs for energy generation technologies that rely 

on carbon-based fuels. In theory, the necessary costs of emission allowances should 

increase the costs for operators of power plants that rely on carbon-based fuels and is 

therefore likely to be linked to the price of electricity (Wolff & Feuerriegel, 2019). The 

emission allowance cost can therefore be treated as a marginal cost, since energy 

producers are expected to add the cost to their production costs. The rise in the marginal 

cost then affects the merit order, i.e. the ranking of producers by rising marginal 

production cost (Oranen, 2006, p. 6). A new merit order implies that the price setting 

technologies will change, making it evident that there will be an impact on electricity 

prices. 

 

The cost pass-through of emission allowance costs to electricity prices is vital in order to 

reach the environmental targets set in the emission trading system in a cost-effective way. 

The increased prices of electricity based on carbon fuels provides incentives to energy 

producers to switch to, or invest in, low-carbon technologies. The passed through costs 

of emission allowances further incentivizes energy consumers to reduce emissions by 

increasing their energy efficiency. Therefore, the cost pass-through of the emission 

allowance costs to electricity prices is a necessary condition for achieving the 
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environmental targets set in the EU Emission Trading System. However, many studies 

have found that this cost pass-through of emission allowance costs to electricity prices 

has been lower than 100%, which may jeopardize the effectiveness and efficiency of the 

system.  

1.1 Formulation of the research problem  

 

The relationship between emission allowance prices and electricity prices is a contentious 

issue in all countries and areas where a carbon cap-and-trade system has been 

implemented. When the EU ETS was implemented, concerns regarding the interaction 

between electricity markets and emission trading was raised. Even though the literature 

on the EU Emission Trading System is extensive, the studies on how the system has 

affected the Nordic electricity prices are scarce. Cost pass-through has been studied much 

relating to the EU ETS but there is still a debate concerning who ends up paying the price 

of the emission allowances, and to what degree the costs of emission allowances are 

passed through to electricity prices. The aim of this research is to evaluate the influence 

of European emission allowance prices on Nordic wholesale electricity prices. The 

sample period includes phase II and phase III of the European emission trading system, 

from April 2008 to December 2019. Through an econometric approach with a vector error 

correction model, this thesis estimates the degree of emission allowance cost pass-through 

to wholesale electricity prices in the Nordic market for the whole sample period, and for 

phase II and III separately. This thesis will be a contribution to the existing literature on 

EU ETS by being the first study on how the emission allowance prices have affected 

Nordic electricity prices during both phase II and phase III of the EU ETS. A better 

understanding of how the Nordic electricity wholesale prices have been affected by the 

emission trading will further have an impact for EU policy makers to improve the system 

in order to reach the goal of carbon neutrality in 2050.  

1.2 Structure of the thesis 

 

The paper continues as follows: in chapter two the characteristics and features of the 

European Emission Trading System is covered, and the emission allowance price 

formation is discussed. In chapter three the Nordic electricity market Nord Pool is 

presented, and the features of electricity as a commodity is discussed. Chapter four 
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provides a theoretical framework for analysing the impact of emission allowance trading 

on electricity prices. The effect of emission trading on electricity prices is presented, and 

the mechanism in which emission allowance costs are transferred to electricity prices will 

be illustrated. Lastly, the factors influencing the effect will be discussed. Chapter five 

presents previous findings related to the impact of carbon allowance prices on electricity 

prices. In chapter six the methodology and the models used in this paper are presented. 

The data is analysed in chapter seven and the descriptive statistics are presented. The 

empirical results are presented in chapter eight, followed by a discussion in chapter nine 

where theory and previous research are connected to the results of this study.  
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2 THE EUROPEAN EMISSION TRADING SYSTEM 

 

The following sections will cover the structure of the European Emission Trading System 

and the emission allowance price formation. The supply and demand of emission 

allowances is presented, and price determinants of the allowances are discussed. 

2.1 The EU ETS structure and phases 

 

As described in the introduction, the European Emission Trading System was 

implemented in 2005 as a way for the EU to reach the goal of reducing its emissions of 

manmade greenhouse gases. The system is seen as a cost-effective way of lowering 

emissions, as the flexibility in emission trading means that all participating firms face the 

same carbon price and ensures that emissions are cut where it costs the least to do so 

(European Union, 2015, p.6). Another motive for implementing the system is that a robust 

carbon price promotes investment in clean, low-carbon technologies.  

  

Figure 1 illustrates how the European Emission Trading System works. Each year a 

proportion of the emission allowances are given to certain participants for free, while the 

rest are sold through auctions. In Figure 1, installation B has insufficient allowances and 

must either reduce its emissions or buy more allocations on the market, either from factory 

A which has a surplus of allowances, or through auctions. In the end of the year all 

participants must return allowances for every tonne of CO2 that they have emitted during 

the year, otherwise heavy fines are imposed. 

 

 

Figure 1 Illustration of the European Emission Trading System. Source: European 

Union, 2015, p. 16.  
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The EU Emission Trading System has been divided into four distinct trading periods, with 

the current third phase entered in 2013. In the first two phases the emission allowances 

were mostly given to participants free of charge, motivated to avoid lost competitiveness 

in sectors at risk of carbon leakage (European Union, 2015, p. 6). The main features of 

the EU ETS over the years is described in Appendix 1. 

 

The first phase of the EU ETS has been considered as the learning-phase, which is one of 

the reasons why this study will not cover the first trading period (2005-2007). Another 

reason for not including phase I in the analysis is that Norway was not included in the 

system until the beginning of phase II. This study will concentrate on phase two and three, 

during the time period of March 2008 - December 2019. Phase III is significantly different 

from the first two phases. In phase I and II, each EU country decided on the allocation of 

their emission allowances through national allocation plans (NAPs). But since the 

beginning of phase III, a single EU-wide cap on emissions is used. The cap for phase III 

from fixed installations was set at 2,084,301,856 allowances and will decrease annually 

by a linear reduction factor of 1.74%. Another difference between the first phases and 

phase III is that the default method for allocating allowances changed from free allocation, 

where participants received emission allowances for free, to auctioning. Auctioning is 

considered the simplest and most economically efficient mean of allocating allowances, 

and half of the allowances are now allocated through auctions. In particular, the entire 

power production uses auctioning only. As a result, electricity producers have to buy 

emission allowances on the energy exchange when they exceeded their allowances (e.g. 

due to higher emissions than expected) (Wolff & Feuerriegel, 2019). Furthermore, the 

EU ETS was expanded to include more industries and greenhouse gases in the third 

trading period compared to the earlier phases.  

2.2 EU emission allowance price formation 

 

The emission allowance spot price is the current market price of emission allowances 

available to be sold or bought for immediate settlement. Two auction platforms for the 

emission allowances are in place. ICE Futures Europe (ICE) acts as the United Kingdom’s 

auction platform, while the European Energy Exchange (EEX) in Leipzig is the common 

platform where the majority of countries in the EU ETS participate. EEX holds regular 
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auctions of EU general allowances (EUAs) on its spot market, and separate auctions for 

EU aviation allowances (EUAAs).  

 

Figure 2 shows the emission allowances spot prices between 2008 and 2019. As can be 

seen in the figure, the allowance spot price was strongly volatile during the beginning of 

the second phase in 2008. In phase II of the EU ETS the allowance price was at its highest 

in September 2009, with a price of €28.75/tCO2. The market participants soon realized 

that the EU member states had over allocated emission allowances through the national 

allocation plans and as a result, the emission allowance prices dropped to under €10/tCO2 

in 2009 (Daskalakis et al, 2009).  

 

 

Figure 2 Emission allowance price from April 2008 to December 2019. 

 

As a result of the differences between phase II and phase III discussed earlier, the EUA 

price has undergone major changes form the second to the third phase. Table 1 reports 

the descriptive statistics for the price of EUA in phase II and III. Most notably, the mean 

price of EUA declined by 28.0 %, from €14.31/tCO2 in phase II to €10.30/tCO2 in phase 

III.  
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As can be seen in Figure 2, the emission allowance prices showed a decreasing trend 

during phase II of the system (2008-2012). On the contrary, the emission allowance price 

remained under €10/tCO2 in phase III (2013 forward) until 2018, where it increased to a 

maximum of €29.76/tCO2. This volatility in phase III can be seen in the relative increase 

of standard deviation by 54.5% compared with phase II.   

 

Table 1 Descriptive statistics for the spot price of European Emission Allowance 

(in €/tCO2) in phases II and III. 

 

 Phase II Phase III Relative change 

Time Period  
April 2008-Dec 2012 

 

Jan 2013-Nov 2019 

 
 

Mean 14.31 10.30 -28.0% 

Median 14.14 6.70 -52.6% 

Min 5.70 2.72 -52.3% 

Max 28.75 29.76 +3.5% 

St. dev. 4.88 7.54 +54.5% 

 

2.2.1 The supply and demand of emission allowances 

 

To understand how the allowance prices are determined it is essential to understand the 

underlying features of the asset. In efficient markets, the EUA price is determined directly 

by the expected market scarcity induced by the current demand and supply at the emission 

trading market, and not by the profit expectations of the underlying firm as is the case of 

stock prices (Benz & Trück, 2006). The supply is primarily determined by policy 

decisions such as the emission cap size and linkages to other emission markets.  

 

The emission allowance market is an unusual market in which the supply is fixed (set by 

the emission cap) and unresponsive to price, while the demand is potentially uncertain 
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(e.g. weather variations that cause an increase or decrease in energy production, changes 

in renewable capacity) (Hintermann et al, 2016). The supply and demand of the emission 

allowances in the market is illustrated in Figure 3. The supply curve is vertical since the 

emission cap is the maximum amount of allowances introduced in the market. The figure 

illustrates the situation of a change in the cap size. In period one, the equilibrium price of 

(P1) is where the demand (D) and supply in period one (S1) intersect. Assuming that the 

demand stays the same, a reduction in the cap size will decrease supply of emission 

allowances to S2 and the new equilibrium price is P2. 

 

Figure 3 The supply and demand of emission allowances in a cap-and-trade system 

 

The situation illustrated in Figure 3 presents one of the ways policy makers can change 

the emission allowance price. One of the challenges in the EU ETS has been for policy 

makers to set the emission cap in a way that sets the emission allowance price efficiently. 

The efficient allowance price equals the cost of reducing emissions to one unit below the 

emissions cap (Hintermann et al, 2016, p. 109). This is generally referred to as the 

market’s marginal abatement cost. In general, the goal of a cap-and-trade system is to 

achieve a given emission target as cost-efficiently as possible by equalizing the marginal 

abatement costs across firms. In this case, profit-maximizing firms will reduce emissions 

as long as doing so is cheaper than purchasing allowances on the market. This can be 

achieved by investing in low-carbon technologies, reducing production levels or by fuel 
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switching (Rickels et al, 2015). Fuel switching involves switching from more carbon-

intensive electricity generation methods (such as coal) to less carbon-intensive (e.g. 

natural gas) and remains to be the single most important abatement mechanism. The cost 

of fuel switching is determined by the relative prices of fossil fuels, and as a result, the 

emission allowance prices should react to changes in these prices too.  

2.2.2 Emission allowance price determinants 

 

The price dynamics of emission allowance prices have been studied extensively against 

the background that the EUA prices in theory should reflect marginal abatement costs 

(see e.g. Rickels et al, 2015 and Montgomery, 1972). Many scholars have focused on the 

influence of market observables in the EU emission allowance price dynamics. The focus 

has particularly been on the role of fuel prices such as coal and gas. In general, CO2 

production, particularly in energy production, depends on factors such as weather, fuel 

prices and economic growth. Therefore, it is likely that the emission allowance price will 

be influenced by fuel costs of power generation, the technology mix in the EU and the 

pricing behaviour of firms (Pinho & Madaleno, 2011, p.260).  

 

Hintermann et al (2016) review the literature on allowance price dynamics and levels, 

focusing on phase II of the EU ETS. They find that across all reviewed studies, the natural 

gas price is found to have a positive and significant effect on allowance prices.  However, 

this is not the case for coal prices, where the impact on emission allowance prices differs 

across studies. Aatola et al (2013) studied the development of EU emission allowance 

price during the first five years of EU ETS (2005-2010). Their econometric analysis with 

stationary time series reveled that there is a clear and stable relationship between 

fundamentals such as the German electricity, gas, and coal prices, with the EU emission 

allowance. On the other hand, Hintermann (2010) examined to what extent the allowance 

price in the first phase of the EU ETS was based on market fundamentals related to 

aggregate abatement (fuel prices, temperature, reservoir levels, economic indicators and 

announcements of verified emissions). His findings imply that the allowance price was 

not driven by aggregate abatement, with a possible exception for gas prices. Hintermann 

et al (2016) explains the difference in the effect of coal prices on emission allowance 

prices in the empirical findings in by that the coal market is not integrated in the same 
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way as the natural gas market, and that the power generators might therefore not be face 

the same coal prices in their decisions about fuel switching. 
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3 THE NORDIC ELECTRICITY MARKET  

 

This section covers the integrated Nordic power market Nord Pool and presents the 

electricity market procedures. When considering the effect of emission trading on 

electricity prices, the electricity generation technology mix must be studied in order to 

determine vulnerable the sector is for additional costs related to emission regulations. The 

electricity generation mixes in the Nordic region will therefore be presented and 

discussed. Last, the day-ahead (Elspot) market is described and the formation of the 

system price is illustrated.  

3.1 Institutional background 

 

Finland, Sweden, Norway and Denmark are part of the common power exchange known 

as Nord Pool. Nord Pool is one of the largest electricity markets in the world, with a total 

of 494 TWh of power traded in 20 member countries during 2019 (Nord Pool, 2020a). 

The history of Nord Pool dates back to 1991 when Norway deregulated its wholesale 

electricity market, with Sweden, Finland and Denmark joining in 1996, 1998 and 2000 

respectively to fully integrate the Nordic electricity market. Having a common electricity 

market with cross-border trade is of particular interest for smaller countries to ensure a 

stable flow of electricity. Electricity is transmitted from one place to another in the high 

voltage grid through transmission links. The integrated Nordic electricity market with 

cross-border transmission links guarantees that the countries have a stable flow of 

electricity. This is of particular significance for the Nordic countries such as Norway, 

where the production of electricity is mainly from hydro power (Fell, 2010). The 

electricity trading market at Nord Pool is divided into three parts: the day-ahead (Elspot), 

intraday (Elbas) and regulating power market. The underlying idea of a day-ahead market 

in combination with a regulating power market was to be the optimal solution for 

dispatchable energy supply like flexible hydropower. The day-ahead spot market 

accounts for the largest daily trading volume of the Nord Pool markets and is the market 

that this study will focus on. The idea of the intraday market was to develop a market for 

energy generation that is difficult to predict 12-36 hours ahead of delivery, which is 

required for the day-ahead market (Soysal et al., 2017). 
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3.2 Electricity generation in the Nordic countries  

 

The Nordic electricity generation is fairly concentrated to a few companies, of which the 

biggest are the Swedish state-owned firm Vattenfall, the Norwegian state-owned Statkraft 

and the Finnish partly state-owned Fortum (Lundin & Tangerås, 2020, p.6). The Nordic 

electricity market has a wide range of electricity generating technology, including a 

substantial portion of non-fossil fuel generation, such as hydropower, nuclear, wind, and 

biomass. Figure 4 shows the fuel mix for electricity generation in the Nordic region in 

2017.  

 

Figure 4 Fuel mix for total electricity generation of 402 TWh in the Nordic region 

in 2017. Source: ENTSO-E Statistical Factsheet, https://www.entsoe.eu/publications/statistics-and-

data/#statistical-factsheet   

 

Considering the data presented in Figure 4, the produced renewable energy, in particular 

from hydropower, plays a crucial role on the Nordic energy mix as a whole. Since 

approximately 50% of the Nordic energy mix consists of hydro power (54% in 2017), it 

is likely to observe an impact on electricity spot prices during periods of high intensity 

supply from hydro resources. Looking at the electricity generation in the Nordic countries 

separately, sharp differences can be noticed. Figure 5 shows the electricity generation by 

source in Finland, Sweden and Norway for 2010 and 2018, to represent the changes in 

Hydro
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the power generation mixes in the countries during phase II and phase III of the European 

Emission Trading System.  

 

Figure 5 Electricity generation in Finland, Sweden and Norway by source in 2010 

and 2018. Source: Based on IEA Electricity Information 2019, 

https://webstore.iea.org/electricity-information-2019 . All rights reserved. 

 

As can be seen from Figure 5, Norway relies almost solely on hydropower, where it in 

2018 represented 95% of the whole electricity generated in the country. The Swedish 

electricity generation is a mixture of nuclear, hydro, wind, biofuels and a small portion of 

other sources. The majority of Finnish electricity is generated from nuclear sources. Of 

the Nordic countries, Finland has the largest power generation from biofuels and coal. A 

trend towards production of electricity from renewable sources can be seen in all 

countries. The amount of electricity generated by coal and oil has decreased in all 

countries, except for Norway that had a small increase of electricity generated by coal in 

2018 compared to 2010. Finland decreased its generation of electricity from coal from 

26.5% of total generation in 2010, to 14.2% in 2018. As can be seen from Figure 5, the 

electricity generation in Sweden and Norway rely mainly on hydro and nuclear energy, 

which is essentially CO2 emission free. However, Finland has had, especially during 

phase II of the Emission Trading System considerable coal and natural gas generation. 

When these generators are the marginal electricity producers, it is expected that the 
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emission allowance price, together with the fuel price, will influence the electricity spot 

price (Fell, 2010, p.4). 

3.3 Nord Pool market procedures 

 

The Nordic and Baltic areas in Nord Pool are divided into 15 bidding areas, based on 

transmission capacities in the areas (Junttila et al., 2018, p.2). The bidding areas and 

maximum transmission capacities in MWh can be seen in Figure 6. In the area price 

calculations, electricity flows between the Nordic countries and Germany, Poland, the 

Netherlands and the Baltics are taken into account as either imports or exports. 

 

Figure 6  Bidding areas and maximum transmission capacities in MWh at the Nord 

Pool market Source: Junttila, J. et al. (2018). 

 

The electricity wholesale prices (i.e. the prices set by competing generators to regional 

electricity retailers) vary from day to day due to its non-storable nature and are greatly 

affected by demand patterns (Mohsenian-Rad & Leon-Garcia, 2010, p.120). These 

variations may further fluctuate due to low-demand night-time and high-demand 

afternoons. The demand of electricity in the Nordic countries is also greatly affected by 
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the season, since the cold winters increase the demand for heating, while summer 

temperatures in the Nordic countries are not high enough to necessitate an intensive use 

of air conditioning.  

 

3.3.1 The system price formation 

 

On the Nord Pool day-ahead market, the electricity spot price is the result of a competitive 

auction at uniform prices on both sides for hourly intervals and is determined based on 

several offers presented on the market (Souhir et al., 2019, Junttila et al., 2018). The spot 

market operates 365 days a year and produces spot prices for every hour of the following 

day. The trading process at the Elpot market starts with the transmission system operators 

informing Nord Pool of how much grid capacity is available for spot market trades, which 

is based on volumes defined in bilateral contracts (Oranen, 2006). The power generators 

then announce their supply function to Nord Pool, which determine the minimum prices 

for which a producer is willing to produce a specific quantity for the market (Honkatukia 

et al., 2006). At the same time, the buyers place their bids and Nord Pool then aggregates 

the supply and demand curves and selects a market clearing price which satisfies the 

demand and supply. This procedure is then repeated to calculate the system price (also 

called the spot price) for each of the 24 hours. Figure 7 illustrates the formation of the 

Nord Pool system price, where the intersection of the typical upward sloping supply curve 

and downward sloping demand curve determines the system price. 

 

Figure 7 The formation of the system price for electricity on the Nord Pool 

Electricity Exchange Source: Adapted from Nord Pool (2020c) 
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The system price is an unconstrained market clearing reference price for the Nordic region 

and is used as the reference price in most standard financial power contracts traded in the 

Nordic region. The system price formation is based on the assumption that there are no 

transmission restrictions in the overall grid. In other words, the transmission capacity 

between the bidding areas in Denmark, Norway, Finland and Sweden is set to infinity 

(Lundin & Tangerås, 2020). When the system price calculation shows that the capacity 

between Elspot areas is not exceeded, all area prices are equal to the system price. 

However, if the system price calculation shows that the power flow between some Elspot 

areas exceeds grid capacity limits, two or more area prices are calculated to change the 

power flow between areas. To deal with the congestion in the grid, the electricity price in 

the area with not enough power is increased to attract power generation and decrease the 

demand of electricity. The trading horizon is 12-36 hours ahead, and as for any power 

market, the prices are fixed each day for the 24 hours. Participants on the day-ahead 

market can place buy and sell orders for electricity at any time within the trading period. 

The Nord Pool system price can be seen as a reference price that is computed from 

member countries’ electricity prices. The electricity system price is considered 

transparent and reliable and is used as a reference for much of the electricity sold outside 

the market as well (Oranen, 2006). 

3.3.2 Factors influencing the system price  

 

The electricity generation technology has a significant role in electricity price formation. 

Figure 8 presents the merit order for the Nordic electricity generation. The merit order 

refers to the way of ranking available sources of electricity generation based on the 

ascending order of short-run marginal costs of production. In the Nordic case, wind and 

hydro power installations have the lowest marginal operation costs, followed by nuclear, 

coal and biomass (Ea Energy Analyses, 2007, p. 10). Because of the low marginal cost of 

wind and hydro power, periods of much wind or high precipitation will result in a price-

reducing impact on the electricity price.  
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Figure 8  Stylised supply and demand curve for the Nordic electricity market. 

Source: Ea Energy Analyses, 2007. 

The Nordic electricity market has a large share of wind, hydro and nuclear production, 

which have the cheapest marginal production costs. These generation technologies can be 

seen to provide the base load power, while coal, biomass, gas and oil production are the 

price determining technologies. When the wind turbines and the hydro power plants 

produce electricity, the expensive plants are squeezed out of the market in that hour, 

which reduces the electricity price. Given Finland’s share of coal and natural gas sources 

in its generation mix, especially in EU ETS phase II, the price of coal and natural gas is 

likely to have an influence on electricity prices. The influence of coal and natural gas 

prices on electricity prices has been discussed in the literature, and several scholars have 

found proof of a relationship between coal and natural prices and electricity prices (Bunn 

& Fezzi, 2007).  

 

As discussed earlier, given the high share of hydropower as energy source, it is likely that 

the reservoir levels in the Nordic area influence the Nordic electricity prices. The water 

reservoir levels can be portrayed as the fuel reserve for hydro power plants, and is a 

fundamental price driver for power prices in Norway (Povh et al., 2010). Figure 9 shows 

the relationship between the reservoir level and the Nord Pool system price during 

January 2009 – December 2011. The reservoir level is here calculated as the degree of 
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reservoir level from the mean. As can be seen in the figure, the notable fall of the reservoir 

level in the beginning of 2010 resulted in a high peak in the overall system price, while 

periods of high reservoir levels are associated with lower electricity prices. 

 

 

 

Figure 9 System price and the degree of reservoir fill in the Nordic market 2008-

2019. 
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4 THEORETICAL FRAMEWORK FOR ANALYSING PRICE IMPACTS 

 

This section will provide a theoretical framework for the analysis conducted in chapter 

8. The factors influencing electricity prices are presented, and the mechanism in which 

emission allowance costs are transferred to electricity prices will be illustrated. Lastly, 

the factors influencing the cost pass-through will be discussed. 

4.1 Emission trading and formation of electricity price 

 

As mentioned in the earlier chapters, electricity prices are greatly affected by electricity 

demand patterns, since they determine the marginal production technology used to satisfy 

the demand of electricity. The marginal technology, i.e. the last technology to be called 

in to production, may be different in base and peak demand of electricity, meaning that 

the impact on prices varies with load periods (Sijm et al, 2005, p.24). A load period refers 

to the amount of electricity on the grid at a given time as it makes its journey from the 

power source to the end user, and during a certain load period the competitive electricity 

price is only affected by the price increase of the marginal production unit (Sijm et al., 

2006, p.4).  This situation is illustrated in Figure 10. 

 

Figure 10 Marginal production technology in base and peak demand. Source: 

Adapted from Sijm et. al, 2006. 

Figure 10 presents an indicative merit order for nuclear, coal and gas electricity 

generation. The red lines represent the inelastic demand in base and peak time. The thin 
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lines represent the marginal production cost for respective generation technology. As can 

be seen in the figure, in times of base demand coal is the marginal technology and the 

marginal production cost is represented by P1. In times of peak demand, natural gas 

becomes the marginal technology, and the marginal technology is P2. The increase in 

production costs is higher for the coal technology than for gas, P2 < P1, illustrating that 

the electricity prices varies with load periods.  

 

As in any market, the electricity price should equal the marginal cost of supply, meaning 

that the marginal cost of the last unit dispatched determines the spot price of electricity 

(Oranen, 2006, p.27). If this technology is based on fossil fuels and is a part of the EU 

Emission Trading System, the production costs would further increase as a result of the 

emission allowance costs, leading to a rise in electricity costs. The marginal production 

cost will then rise according to how much emissions are generated in the electricity 

production, making it intuitive to assume that the emission trading system will affect 

electricity prices in the Nordic market and additional impacts on heat and fuel prices. 

How much emissions that are generated depend on which generation technology and fuel 

is used. The marginal production technology sets the electricity price each time according 

to the technology’s marginal cost of production. As a result, the electricity generation 

technology has a significant role in the electricity price formation. This situation is 

illustrated in Figure 11 with the marginal cost (price) duration curve. 

 

Figure 11 Pass-through of CO2 opportunity cost for different load periods, at an 

emission allowance price of 14 €/tCO2. Source: Adapted from Sijm et al. (2006) 

The X-axis in Figure 11 represents the 8760 hours of a year, which are sorted in a 

descending order of the marginal system costs. The marginal costs of the marginal 
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generation unit are depicted on the Y-axis. The emission allowance prices from the EU 

Emission Trading System affect the electricity price through the price increase of the 

marginal unit, illustrated through the blue dashed lines in Figure 11. Since different 

electricity generation technologies produce different levels of CO2 emissions, the amount 

at which the electricity price increases depend on the marginal generation unit concerned. 

For example, a coal power station typically emits about 0.41 tonnes of CO2 per MWh of 

electricity, while a natural gas plant emits 0.23 tonnes (Forest Research, 2020). With an 

emission allowance price of 14€/tCO2, the generation cost for the coal plant then increases 

by 5.74 €/MWh, whereas the increase is 3.22 €/MWh for natural gas power. Hence, the 

emission allowance cost pass-through can be defined as the average increase in electricity 

price over a certain period of time due to the increase in the emission allowance price 

(Sijm et al., 2006, p.4). 

4.2 Factors influencing the cost pass-through effect   

 

The process in which the emission allowance costs are passed through to electricity prices 

is vital in order to reach emission reduction targets in emission trading systems. As 

mentioned in the introduction, the increase in electricity prices due to the emission 

allowance costs incentives energy producers to switch to, or invest in, low-carbon 

technologies. The transferred costs further incentivise energy consumers to reduce 

emissions by increasing their energy efficiency. From a policy perspective, a high level 

of cost pass-through is therefore desired, as a higher cost pass-through level in an 

emission trading system indicates a better functioning system where the cost of emission 

allowances incentivises emission reductions. 

 

In theory, the cost pass-through level should be 100%, in which the full emission 

allowance costs are passed to electricity prices. However, in reality the level of cost pass-

through is determined by a set of market forces, such as market structure, allocation 

method, merit order changes due to emission allowance costs, market demand and market 

regulation, resulting in an inefficient pass-through of less than 100%. In regards of this 

study, the most relevant factors are the allocation method and merit order changes. The 

next sections will cover these factors, starting with covering the difference between the 

add-on rate and work-on rate. 
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4.2.1 Add-on vs. work-on rate 

 

In order to discuss the cost pass-through of emission allowance costs to electricity costs, 

it is vital to understand the difference between the “add-on” rate and the “work-on” rate. 

Sijm et al. (2005, p.33) explain the importance of making a distinction between the extent 

to which producers add on the opportunity cost of emission allowances to their marginal 

costs, and the extent to which the emission allowance costs ultimately work on power 

prices that are determined by complex market forces. In a competitive environment, 

power generators “add-on” the opportunity costs of emission allowances on the power 

price, while the electricity price in liberalised markets is determined by a set of market 

forces. The so-called add-on rate is illustrated in Figure 11 through the blue dashed lines. 

The increase of the bid of the marginal unit will then determine how much of the emission 

allowance prices are “worked-on” the average electricity price, represented by the red 

dashed lines in the figure. However, even though the add-on rate is always 100 % since 

the electricity producers will pass on the whole opportunity cost to the marginal costs, the 

work-on rate may be less than that due to the various market forces mentioned earlier. 

4.2.2 Merit order change 

 

The extent to which the emission allowance costs are passed through to the electricity 

prices also depends on changes in the merit order of the supply curve due to emission 

trading (Sijm et al. 2006, p.5). The merit order effect describes how the price of power 

lowers at the electricity exchange as a result of an increased supply of renewable energies. 

The electricity price is determined by the merit order, i.e. the sequence in which power 

stations contribute power to the market (Appunn, 2015). In Figure 12, the electricity 

supply curve is illustrated as a step function with two technologies, A and B, with the 

vertical dashed lines representing the fixed demand.  
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Figure 12 The level of cost pass-through of emission allowance prices when merit 

order changes. Source: Adapted from Sijm et. al. (2006), p.5. 

 

The left part of the figure, a, represents the situation when there is no change in the merit 

order and where the change in the electricity price (∆𝑝2) is always equal to the marginal 

emission allowance cost of the marginal generation technology B (∆𝑝1). In this case, the 

cost pass-through rate will always be unity in terms of both the add-on and work-on rates. 

On the right part of the picture, b, the situation of a switch in the merit order is illustrated. 

In this situation, the marginal technology is A with emission allowance costs being equal 

to ∆𝑝3 while the change in the electricity price is ∆𝑝4. In this case, the add-on rate for the 

marginal production technology A is 100 %, but the work-on rate is 
∆𝑝3

∆𝑝4
, which will be 

less than 1 since ∆𝑝3 < ∆𝑝4.  

4.2.3 Allocation method 

 

Free allocation of emission allowances, where the participants in the emission trading 

system receives an unconditional lump-sum emission allowance allocation, does not alter 

market outcomes as allocation through auctioning do (Neuhoff & Ritz, 2019). During 

phase I and II of the EU ETS, most allowances were given out for to the participants based 

on historical GHG emissions (European Union, 2015, p.40). This approach is known as 

grandfathering and has been criticised for rewarding higher emitters and not taking early 

action into account. In the case of grandfathering, firms expect higher current production 
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to lead to greater allocation of allowances in the future. Free allowances can delay, or 

even prevent, incentives for investment in less carbon-intensive technologies. Hence, the 

product price will decrease and the longer-term emission allowance cost pass-through 

will dampen in an emission trading system with free allocation of allowances. 

4.3 Cost pass-through of EU emission allowance costs to Nord Pool 

system price 

 

As mentioned earlier, the emission allowance cost pass-through can be seen as the average 

increase in power price over a certain period due to the increase in the emission allowance 

price. Whether or not the emission allowance costs are passed through to electricity prices 

influences the efficiency of the EU ETS in providing incentives to the energy producers 

to reduce emissions by switching to or investing in low-carbon technologies. Further, the 

cost pass-through influences the efficiency the system has in providing incentives to 

energy consumers to reduce their demand of electricity by increasing their energy 

efficiency. Figures 13 and 14 shows the relationship between the emission allowance 

price and the price of electricity in Finland, Sweden and Norway during phase II and 

phase III of EU ETS.  

 

Figure 13  EUA spot price and Nord Pool system price during EU ETS phase II, 

2008-2012.  
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Figure 14 EUA spot prices and Nord Pool system price during EU ETS phase III, 

2013-2019.  

 
As can be seen from Figure 13 and 14, the system price is following a seasonal trend. The 

seasonality can partly be explained by the hydro storage levels because of the large share 

of hydro power in the Nordic electricity generation mix. Hydro storage levels peak in 

September to November and reach their lowest levels in April to May. As a result, 

demand levels peak in the winter (December–March) due to demand for electric heating 

and reach their lowest levels in the period May–August (Kristiansen 2014).  

The descriptive statistics for the weekly average Nord Pool system prices are described 

in Table 2 for phase II and III separately. As can be seen in the table, the mean and median 

of the system price were higher in phase II compared to phase III, and more volatile. 
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Table 2 Descriptive statistics over the Nord Pool weekly average system price 

between April 8, 2008 and November 25, 2019. 

 

 

 Phase II Phase III Relative change 

Time Period  April 2008-Dec 2012 

 

Jan 2013-Dec 2019 

  

Mean 42.44 33.44 -21.21% 

Median 40.25 32.85 -18.39% 

Min 8.40 11.91 41.79% 

Max 88.64 60.12 -32.18% 

St. dev. 14.09 8.20 -41.80% 
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5 PREVIOUS RESEARCH  

 

The literature on the European Emission Trading System is extensive, and the impact of 

emission allowance prices on electricity markets has been examined in several studies. 

One of the first papers to analyse the implication of the EU ETS for the power sector was 

the study by Sijm et al. (2006). In their empirical research, they estimate cost pass-through 

rates of emission allowance prices to German and Dutch electricity prices. The results 

show that the cost pass-through varied between 40 and 100 % in 2005 to 2006. 

Honkatukia et al. (2006) find similar results in their paper about the effects of the EU ETS 

on wholesale electricity prices in Finland. By developing an error correction model for 

the Nord Pool market considering the electricity, gas, coal, and carbon prices as 

endogenous variables, they find that, on average, about 75 to 95 % of a price change of 

the emission allowance prices is passed on to the Finnish Nord Pool spot price. Other 

authors studying the relationship between emission trading and electricity prices have 

followed the same econometric approach to estimate the cost pass-through rate. For 

example, Fell (2010) uses a vector error correction model (VECM) with temperature and 

reservoir water level as exogenous regressors to estimate the dynamic relationship 

between Nordic wholesale electricity prices and EU ETS emission allowance prices. He 

finds that electricity prices have large short-term responses to EUA price shocks, but that 

the response dampens over time. 

 

However, more recent studies of the EU ETS have found a negative impact of emission 

trading on electricity prices. Wolff & Feuerriegel (2019) found that the European Power 

Exchange (EPEX) day-ahead and intraday markets are negatively affected by the price of 

emission allowances during phase III. The paper by Freitas & da Silva (2015) evaluates 

the impact of the CO2 opportunity cost on the Spanish wholesale electricity price during 

phase II and half of phase III. They find a long-run relationship (a cointegration) between 

the Spanish electricity price, carbon allowance price and fuel prices. Furthermore, by 

estimating the dynamic cost pass-through of the emission allowance price into electricity 

price for different periods, they observe the weakening of the link between European 

emission allowance prices and electricity prices as a result from the collapse on CO2 

prices.  
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Regarding studies of factors affecting the interaction between emission allowance prices 

and electricity prices, the papers by Pinho & Madaleno (2011), Boersen & Scholtens 

(2014) and Bunn & Fezzi (2007) should be mentioned. Pinho & Madaleno (2011) 

examine the interactions between carbon, electricity, and fossil fuel (coal, oil, and natural 

gas) returns. Using a VECM model with 5 endogenous variables for Germany, France, 

and the Nordic countries, they find that the effect of emission allowance prices on 

electricity prices depends on the country’s energy mix and electricity deregulation. 

Boersen & Scholtens (2014) finds similar results when studying the interaction of 

European electricity markets in phase II of the EU ETS by employing a Generalized 

Autoregressive Conditional Heteroskedasticity (GARCH) model. They find that for the 

Nord Pool market, the price of electricity is partly determined by the cost of the fuel inputs 

(natural gas and oil prices) and these costs are affected by EUA prices. Bunn & Fezzi 

(2007) studies the economic impact of the EU ETS on wholesale electricity and gas prices 

in the United Kingdom using a cointegrated VAR model. They find a long run 

cointegrating equilibrium among electricity, gas and emission allowance prices. Freitas 

& da Silva (2015) and Honkatukia et al. (2006) also found a long run cointegrating 

equilibrium among electricity, gas and emission allowance prices.   

 

Even though the literature on the EU Emission Trading System is extensive, the studies 

on how the system has affected the Nordic electricity prices is fairly scarce. Furthermore, 

there are conflicting results in the literature regarding how emission trading impacts 

electricity prices. The earlier findings show a cost pass-through of carbon costs to be 

between 20-100%, while more recent findings indicate a negative impact on electricity 

prices. 
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6 METHODOLOGY 

 

This section describes the methodology followed in this thesis. As mentioned earlier in 

the literature review, the methodology follows the study by Freitas and da Silva (2015). 

A vector error correction (VEC) model will be used, which has been widely used to study 

the effect of European emission allowance prices on wholesale electricity prices. 

6.1 Model specification   

 

In understanding the relationship between EU emission allowance prices and Nordic 

electricity prices there are many dynamic and complex interactions to consider. Given the 

electricity generation mix in the Nordic countries, and especially the one of Finland, it 

would appear likely that coal and natural gas prices will influence electricity prices. 

Previous studies have found that electricity prices, but also EUA prices are influenced by 

natural gas and coal prices (Boersen & Scholtens, 2014). To handle the possible 

endogeneity problems arising from these interactions, where the explanatory variable 

may be correlated with the error term, a multivariate approach of simultaneous equations 

is suitable. Multivariate approaches involve analysis of more than one statistical outcome 

variable at a time, and all price variables in the model can be treated as endogenous 

(dependent) variables. Stationary (differenced) vector autoregression (VAR) models are 

multivariate models that have been commonly used in the literature on cost pass-through 

relationships. A VAR model allow for the estimation of reduced-form dynamic 

relationship among a system of endogenous variables conditional on exogenous variables, 

which is the case with the EUA prices impact on electricity prices, as have been discussed 

in previous chapters.  

 

Since there are strong beliefs that economic data are non-stationary, with means, 

variances and covariances that changes over time, regression results can be spurious.  The 

non-stationarity can be removed by differencing the variables, but that imposes the risk 

of losing relevant information about the long-run relationship (Freitas & da Silva, 2015). 

However, Engle & Granger (1987) introduced the notion of cointegration. The concept 

refers to how individual economic variables may be non-stationary, but a linear 

combination of them may converge to a stationary process. Such a process may reflect 
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the long-run equilibrium relationship of the economic variables, i.e. the cointegration 

equation. Cointegrated VAR (CVAR) and vector error correction (VECM) are VAR 

models adapted to handle cointegrated variables. A VECM model is able to estimate not 

only long-run equilibrium relationships, but also short-run interactions between the 

variables. 

The specification in this study follows Johansen (1991), described in the paper of Freitas 

& Silva (2015). If the existence of cointegration is present, the data generating process, 

𝑃𝑡, can be modelled as a vector error correction model with  𝑘 − 1 lags. Consider a vector 

autoregression model of order k with a deterministic part given by μt. The 𝑝 − 𝑣𝑎𝑟𝑖𝑎𝑡𝑒 

process can be written as:  

      𝑃𝑡 = μt +  𝐴1𝑃𝑡−1 + 𝐴2𝑃𝑡−2  + ⋯+ 𝐴𝑘𝑃𝑘−1𝜀𝑡        (1) 

Taking the first differences of the variables with ∆ as the difference operator, the 𝑝 −

𝑣𝑎𝑟𝑖𝑎𝑡𝑒 process can be written as: 

         ∆𝑃𝑡 = 𝛱𝑃𝑡−1 + ∑ 𝛤𝑗
𝑘−1
𝑗=1 ∆𝑃𝑡−𝑗 + μ𝑡 + 𝜀𝑡          (2) 

Where 𝑃𝑡 represents a vector with non-stationary endogenous variables, and matrix 𝛱 =  

∑ 𝐴𝑗 − 𝐼𝑘
𝑗=1  contains information about the long-run relationship among the endogenous 

variables. 𝛱 is called the error correction term, as it compensates for the long-run 

information lost when differentiating the 𝑝 − 𝑣𝑎𝑟𝑖𝑎𝑡𝑒 process. This long-run relationship 

can be decomposed to 𝛱 =  𝛼𝛽′, where 𝛼 represents the matrix with the estimations of 

the speed of adjustment to the equilibrium of the cointegration vectors represented by 𝛽.  

Furthermore, 𝛤𝑖 =  −∑ 𝐴𝑗
𝑘
𝑗=𝑡+1  represents a vector of the estimates of the short-run 

parameters and 𝜀𝑡~𝑁𝑖𝑖𝑑(0,∑) is the vector of innovations. μ𝑡 is a vector of exogenous 

variables, such as seasonal dummies, with B corresponding to respective estimated 

coefficient. 

The rank of 𝛱(𝑟) determines the long-run relationship. A cointegration relationship 

occurs when the rank of the matrix is between 0 (no long-run relationship) and 𝑝 (full 

rank, process 𝑃𝑡 is stationary I(0) and a normal vector autoregression model can be used), 
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and there are 𝑝 ∗ 𝑟 matrices 𝛼 and 𝛽 such that the equation 𝛱 =  𝛼𝛽′ holds. If the equation 

holds, 𝑃𝑡 is integrated of first order I(1) but the linear combination 𝑋𝑡 = 𝛽′ + 𝑃𝑡 is 

stationary I(0). This long-run relationship may not hold all the time, but the deviation 𝑋𝑡 

is still stationary I(0). Equation (2) can then be written as:  

         ∆𝑃𝑡 = 𝛼𝛽𝑃′𝑡−1 + ∑ 𝛤𝑖
𝑘−1
𝑖=1 ∆𝑃𝑡−1 + μ𝑡 + 𝜀𝑡          (3) 
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7 DATA 

 

This section describes the data used in the analysis. The considered time period is from 

March 23, 2008 – December 31, 2019. 

7.1 Descriptive statistics 

 

This study uses weekly data running from the week ending on March 23, 2008 to 

December 31, 2019. Despite the availability of daily data for almost all variables used, 

weekly averages for all variables are used following Fell (2010). Firstly, the data used in 

the analysis is extremely variable and using weekly variables reduces some of the 

variability and allows for a simpler specification. Secondly, daily responses in electricity 

prices due to movements in emission allowance prices and fuel prices might not be 

possible because of electricity generation schedules. The use of weekly averages could 

therefore allow for observing greater responsiveness and more robust statistical results 

(Fell, 2010, p. 5).  

 

Table 3 shows the descriptive statistics for the EEX EUA spot price, the Nord Pool system 

price for electricity, natural gas prices, coal prices and water reservoir levels during the 

time period of March 23, 2008 to December 31, 2019. The EEX EUA price series (𝑃𝑡
𝐸𝑈𝐴, 

€/ton emitted) is the weekly average spot price as quoted by The European Energy 

Exchange (EEX). The system price (𝑃𝑡
𝑠𝑦𝑠

, €/MWh) data provided by Nord Pool is the 

weekly average for daily system price in €/MWh that have been computed as simple 

averages to weekly prices. The natural gas price (𝑃𝑡
𝐺 , €/MWh) is the weekly average price 

of all TTF (Title Transfer Facility) trades of natural gas, and coal price (𝑃𝑡
𝐶, €/t) is the 

weekly average coal prices. A detailed description of the data sources is presented in 

Appendix 2.  
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Following Fell (2010), the reservoir levels will be controlled for by measuring the water 

scarcity in the Nordic countries (Norway, Sweden and Finland). The series used for this 

measure is:  

 

(𝑙𝑒𝑣𝑒𝑙)𝑡 = (𝑝𝑒𝑟𝑐𝑒𝑛𝑡 𝑜𝑓 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦)𝑡 − (𝑝𝑒𝑟𝑐𝑒𝑛𝑡 𝑜𝑓 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅)𝑡  

 

where (𝑝𝑒𝑟𝑐𝑒𝑛𝑡 𝑜𝑓 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦)𝑡 is the percent of the Nordic region’s reservoir capacity 

that is filled for week 𝑡 and (𝑝𝑒𝑟𝑐𝑒𝑛𝑡 𝑜𝑓 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅)𝑡 is the average of percent for week 

𝑡 during 2005-2019. 

 

Table 3 Summary statistics.   

 

Variable Mean Min. Max. St. dev. 

𝑃𝑡
𝐸𝑈𝐴 11.74 2.97 29.01 6.85 

𝑃𝑡
𝑠𝑦𝑠

 36.77 7.95 88.64 12.62 

𝑃𝑡
𝐺  19.79 8.09 34.50 5.56 

𝑃𝑡
𝐶 85.11 42.98 215.80 28.31 

𝑙𝑒𝑣𝑒𝑙𝑡 0.63 0.18 0.93 0.20 

 

Figure 15 shows the development of the electricity, emission allowance, natural gas and 

gas prices during 2008-2019. Again, significant seasonality in the electricity prices can 

be observed.  
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Figure 15 Electricity, emission allowance, natural gas and coal prices 2008-2019 

 

Even though a visual presentation of the data can give insights of the relationship between 

the variables, much more can be gained from a statistical analysis. This will be presented 

in the next section.  
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8 RESULTS 

 

The impact of emission allowance prices on the Nordic electricity wholesale prices are 

analysed with the vector error correction model presented in chapter 6. First, unit root and 

cointegration tests of the time data series will be performed for the whole time period, 

2008-2019. Second, the estimation results for EU ETS phase II and III will be presented. 

After analysing the whole time period, VECM results from phase II and phase III of the 

system will be presented separately.  

8.1 Unit root and cointegration tests 

 

Time series for economic data is generally stochastic (a randomly determined process) or 

has a trend that is not stationary, meaning that the data has a root unit. Following the 

method by Freitas and da Silva (2015), the estimation procedure begins with testing for 

non-stationarity and cointegration relationship(s) in the price series and the 𝑙𝑒𝑣𝑒𝑙 

variable. Testing for the order of integration in individual time series has been the 

standard practice in applied time series econometrics to find the number of differences 

required to transform the time series into a stationary series. The testing relates to the 

question whether the VAR model shall be estimated in levels or in first differences. If the 

time series variables are non-stationary in levels, but stationary in first differences, then 

they are considered to be integrated of order one, I(1) (Alexeeva-Talebi, 2011, p.7). Given 

the non-stationarity of the variables, together with an existence of cointegrated 

relationships, a cointegrated VAR model will be selected. However, if the tests reject the 

existence of cointegrated relationships among non-stationary data, estimating a VAR 

model in first differences is appropriate to avoid spurious regression.  

 

The non-stationarity is tested with the Augmented Dickey Fuller (ADF) and the 

Kwiatkowski-Schmidt-Shin (KPSS) test. The results from these tests presented in Table 

4 are partially in contradiction. The KPSS test show that all series fail to reject the null of 

stationarity for all specifications, while the ADF test cannot reject the null of non-

stationarity for the 𝑙𝑒𝑣𝑒𝑙𝑡 series, and for the 𝑃𝑆𝑌𝑆 series with a constant and trend. The 

ADF test represent a border line case between the I(0) and I(1) for the 𝑃𝑆𝑌𝑆 series. 
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Table 4 Unit root test  

 

Whether all series of the vector have to be integrated to the same order has been discussed 

in the literature. Engle & Granger (1987) argue that all variables must be integrated of the 

same order. However, Johansen (1995) considers the possibility of cointegrating 

relationships between the stationary and the integrated of order one non-stationary 

variables. If economically reasonable, the stationary variables can according to the author 

be included in the VECM framework as endogenous variables. Considering the results 

from the tests, the analysis will continue with the assumption that all time series are 

integrated to the order one, I(1) with the exception of 𝑙𝑒𝑣𝑒𝑙𝑡, I(0).  

 

The degree of endogeneity of the reservoir level variable is unclear. If the reservoir levels 

are primarily determined by weather conditions, in particular by precipitation, 𝑙𝑒𝑣𝑒𝑙 is 

ADF test KPSS test 
 

 Levels   

Variable Constant Constant&Trend Constant Constant&Trend 

 Stat. Stat.  Stat. Stat.  

𝑃𝐸𝑈𝐴 -0.38 -1.01  1.55*** 1.54*** 

𝑃𝑆𝑌𝑆 -1.38 -4.67*** 
 

1.46*** 0.64*** 

𝑃𝐺  -1.07 -2.04  0.83*** 0.44*** 

𝑃𝐶 -1.22 -2.18  2.12*** 0.35*** 

𝑙𝑒𝑣𝑒𝑙𝑡 -4.20*** -4.19***  0.08*** 0.06*** 

First Differences  

∆𝑃𝐸𝑈𝐴 -16.22*** -16.51***  0.63** 0.05 

∆𝑃𝑆𝑌𝑆 -19.17*** -19.14***  0.02 0.02 

∆𝑃𝐺 -15.61*** -15.61***  0.06 0.05 

∆𝑃𝐶 -14.08*** -14.08***  0.07 0.05 

∆𝑙𝑒𝑣𝑒𝑙𝑡 -8.32*** -8.32***  0.02 0.02 

Notes: *** - significant at 1% level, ** - significant at 5 % level, * - significant at 10 

% level. Lags chosen by AIC minimization criteria. Null hypothesis of a unit root (the 

series is non-stationary) for ADF test. Null hypotheses of stationarity for KPSS test. 
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best modelled as an exogenous variable. On the other hand, 𝑙𝑒𝑣𝑒𝑙 can be considered as 

an endogenous variable if hydroelectricity is according to its option value to capture 

higher electricity prices, since the reservoir levels in this case can be seen as a function 

of the I(1) electricity price (Fell, 2010, p. 10). The idea of reservoir levels as endogenous 

variables have been discussed to some extent in the literature (see e.g. Kauppi & Liski, 

2008). In this case, the 𝑙𝑒𝑣𝑒𝑙𝑡 variable will be included as an endogenous variable in the 

VEC model, due to the stationarity that the variable shows in the unit root tests. 

 

To test the cointegration rank, 𝑟, the trace and maximum eigenvalue test approach by 

Johansen (1991) are used. The Johnsen test analyses whether the time series can form a 

cointegrated relationship. The test checks for the situation of no cointegration, which 

occurs when 𝛼𝛽 = 0 in (3).  The test statistics are given in Table 5. The results of both 

the trace and maximum eigenvalue test indicate the existence of a single long-run 

relationship. Both tests reject the null hypothesis of no cointegrating vector 𝑅𝑎𝑛𝑘(𝛱𝑖) =

0 against the alternative single long-run relationship 𝑅𝑎𝑛𝑘(𝛱𝑖) = 1. The trace test rejects 

the null hypothesis at the 5% significance level, and the maximum eigenvalue test rejects 

it at the 10% significance level. Since the cointegration tests suggest a long-term 

relationship among the variables, a VEC model can be applied. 

 

 Table 5 Cointegration Rank Test 

𝐻0:  Trace test Max eig. 

𝑟 = Statistics Statistics 

0 53.34** 26.59* 

1 26.75 16.09 

2 10.66 10.14 

3 0.52 0.52 

Notes: *** - significant at 1% level, ** - significant at 5 % 

level, * - significant at 10 % level. 𝑟 refers to the number 

of cointegrated vectors. 

 

Based on the evidence from the unit root tests, the price series 𝑃𝐸𝑈𝐴, 𝑃𝑆𝑌𝑆, 𝑃𝐺  and 𝑃𝐶 are 

best modelled as I(1), and 𝑙𝑒𝑣𝑒𝑙𝑡 as I(0). Given the order of integration for the variables, 

the general VECM can be specified as:  
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         ∆𝑃𝑡 = 𝛼𝛽′𝑃𝑡−1 + ∑ 𝛤𝑖
𝑘−1
𝑖=1 ∆𝑃𝑡−𝑖 + 𝜙Z𝑡 + 𝜀𝑡         (4) 

where: 

𝑃𝑡 =

[
 
 
 
 
𝑃𝑡

𝐸𝑈𝐴

𝑃𝑡
𝑆𝑌𝑆

𝑃𝑡
𝑐

𝑃𝑡
𝑔

]
 
 
 
 

 ,  Z𝑡 =  [
𝑙𝑒𝑣𝑒𝑙𝑡

𝑙𝑒𝑣𝑒𝑙𝑡−1
] , 𝜀𝑡 = 

[
 
 
 
 
𝜀𝑡

𝐸𝑈𝐴

𝜀𝑡
𝑆𝑌𝑆

𝜀𝑡
𝑐

𝜀𝑡
𝑔

]
 
 
 
 

 

In (4) 𝛽 represents the (𝑝 𝑥 𝑟) cointegration vector that determines the 𝑟 long-term 

relationship between the 𝑝 I(1) series. 𝛼 represents the matrix of the speed of adjustment 

to the equilibrium, and 𝛤𝑖 represents a matrix with the estimation of short-run parameters 

relating price changes lagged 𝑖 periods.  

8.2 VECM estimation results for phase II and phase III of the EU ETS 

(2008-2019) 

 

With the number of lags and cointegration rank determined, the model parameters can be 

estimated. The maximum likelihood estimation approach is used, where for each 

specification, the lag selections (𝑘 in (3)) are chosen from the model selection criteria 

AIC and SIC criterion. The model criteria are minimized at 8 lags (𝑘 = 8). Based on the 

results from the model selection criteria, 7 lags of ∆𝑃𝑡 are included in the model 

specification, since the VECM should include 𝑘 − 1 lags as the VAR model is specified 

in first differences. The results are shown in Table 6 for the cointegrated vector 𝛽. The 

cointegration vector estimates presented show that the signs of the long-run relationship 

are economically sensible. All variables, both dependent and independent, are on the same 

side of the cointegration equation, resulting in coefficient signs being presented inverse 

to the positive or negative effect that the independent variables have on the dependent 

variable (in this case, the system price). As a result, the emission allowance price, natural 

gas price and coal price all have positive effects on the Nordic electricity wholesale price 

in the long run.  

 

Since the coefficients can be interpreted as price elasticities, a rise of 1% in the emission 

allowance price would, in equilibrium, be associated with a rise of 0.84% in the electricity 
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price. This pass-through rate of the emission allowance price into electricity price of 84% 

compares with the estimate of 24% in Freitas & da Silva (2015) and with 93% in 

Honkatukia et al. (2006). Similarly, a rise of 1% in the coal (natural gas) price would be 

associated with a 0.15% (0.68%) rise in electricity price rise.  

 

Table 6 VECM parameter estimates for phase II and phase III of the EU ETS 

Cointegration relationship      

Endogenous variables      

 𝑝𝑡
𝑆𝑌𝑆 𝑝𝑡

𝐸𝑈𝐴 𝑝𝑡
𝐶 𝑝𝑡

𝐺       

 1.00 -0.84 -0.15 -0.68      

Short Run Dynamics       

 𝑝𝑡
𝑆𝑌𝑆 𝑝𝑡

𝐸𝑈𝐴 𝑝𝑡
𝐶 𝑝𝑡

𝐺   𝑝𝑡
𝑆𝑌𝑆 𝑝𝑡

𝐸𝑈𝐴 𝑝𝑡
𝐶 𝑝𝑡

𝐺  

𝐸𝐶𝑡−1 -0.06** - 0.04* - ∆𝑝𝑡−5
𝑆𝑌𝑆 -0.09* - -0.10** -0.02** 

∆𝑝𝑡−1
𝑆𝑌𝑆 - - - - ∆𝑝𝑡−5

𝐸𝑈𝐴 0.73* - - 0.12* 

∆𝑝𝑡−1
𝐸𝑈𝐴 - 0.20*** - 0.12* ∆𝑝𝑡−5

𝐶  - - 0.12** 0.03** 

∆𝑝𝑡−1
𝐶  - - 0.20*** - ∆𝑝𝑡−5

𝐺  - - -0.37* - 

∆𝑝𝑡−1
𝐺  0.58** - - - ∆𝑝𝑡−6

𝑆𝑌𝑆 - - - - 

∆𝑝𝑡−2
𝑆𝑌𝑆 -0.15*** - - - ∆𝑝𝑡−6

𝐸𝑈𝐴 - 0.10* - - 

∆𝑝𝑡−2
𝐸𝑈𝐴 - - - - ∆𝑝𝑡−6

𝐶  - - 0.14** 0.02* 

∆𝑝𝑡−2
𝐶  - - - - ∆𝑝𝑡−6

𝐺  - - - -0.13** 

∆𝑝𝑡−2
𝐺  - - 0.62*** - ∆𝑝𝑡−7

𝑆𝑌𝑆 - -0.02* - - 

∆𝑝𝑡−3
𝐸𝑈𝐴 - - - - ∆𝑝𝑡−7

𝐸𝑈𝐴 -0.63* -0.13** - - 

∆𝑝𝑡−3
𝐶  - - 0.09* - ∆𝑝𝑡−7

𝐶  - 0.02* - - 

∆𝑝𝑡−3
𝐺  - -0.07* - - ∆𝑝𝑡−7

𝐺  - - -0.36* -0.14** 

∆𝑝𝑡−3
𝑆𝑌𝑆 - - - - 𝑙𝑒𝑣𝑒𝑙𝑡 - - - 0.53* 

∆𝑝𝑡−4
𝐸𝑈𝐴 - - - -      

∆𝑝𝑡−4
𝐶  - - - -      

∆𝑝𝑡−4
𝐺  - - - 0.12**      

Notes: *** - significant at 1% level, ** - significant at 5 % level, * - significant at 10 % level. 𝐸𝐶𝑡−1 refers to the 

adjustment coefficients (𝛼). 

 

Considering the short run dynamics of the model, we can see that the error correction 

term (𝐸𝐶𝑡−1) is significant (at 5% level) and negative. Since the 𝐸𝐶𝑡−1 refers to the 

adjustment coefficient (𝛼) in the VEC model (4), it means that the system price is 
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adjusting to a long-run equilibrium with a speed of adjustment of 0.06. This can be 

translated into that 6% of the disequilibrium in the long run price is correct in one period.  

 

The short run dynamics of the emission allowance price have significant reactions from 

its own autoregressive components, but also weakly from fluctuations in the coal price, 

electricity price and gas price. However, the model does not show any significant short 

run reactions of 𝑙𝑒𝑣𝑒𝑙𝑡 or coal prices on the electricity price. The other price series are 

largely determined by their own autoregressive components. The short run dynamics of 

emission allowance prices have significant reactions to fluctuations in lagged natural gas 

prices, system prices and coal prices. The short run dynamics of coal prices have 

significant reactions to lagged natural gas price fluctuations, and vice versa.  

8.3 Impulse response analysis  

 

The VECM parameter estimates are informative in terms of analysing what significant 

relationships exists between variables. However, the coefficients can be difficult to 

interpret due to the dynamic and complex interactions among the variables. Since all 

variables in a VAR model depend on each other, the individual coefficient estimates 

provide only limited information on the reaction of the system to a shock in one of the 

variables. An example for this is to determine the effect of a 1€ increase in the emission 

allowance prices on the Nord Pool system price. This is more complex than simply 

calculating the response based on the parameter from the first line of the VECM (4), since 

this would neglect any further changes that these variables may have on the system 

dynamic as a whole.  Fell (2010) uses impulse response analysis to better understand how 

the movement in one variable affect all endogenous variables in the system. The main 

purpose of the analysis is to describe the evolution of a variable’s reaction to a shock in 

one or more variables. The impulse response function (IRF) works by initially imposing 

a one-time innovation to one of the endogenous variables via the error term 𝜀𝑡 in (4).  

 

It should also be noted that since the variables in the models are I(1) variables, a one-time 

unit innovation in one of these variables would create a permanent one unit increase, 

assuming no other innovation. Hence, the innovation acts like a marginal change to the 

variable in question (Fell, 2010, p. 15). Since the purpose of this study is to determine 
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how Nordic electricity prices react to changes in EU emission allowance prices, the 

impulse response analysis is conducted with innovations entering through 𝜀𝑡
𝐸𝑈𝐴. Plots of 

the impulse response analysis functions using the weekly average Nord Pool system price 

for 𝑝𝑡
𝑆𝑌𝑆 and scaled to a 1€ innovation in 𝑝𝑡

𝐸𝑈𝐴, along with 95 % confidence intervals are 

given in Figure 16.  
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Figure 16 Impulse response function for 𝑷𝑬𝑼𝑨 innovation 
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As can be seen from Figure 16, electricity prices, coal prices and natural gas prices show 

sizeable short-term responses to a shock in emission allowance prices. Two periods after 

initial 1€ emission allowance price jump, the system price increases by 0.20 €/MWh, the 

coal price by 0.90 €/ton and the natural gas price with 0.25 €/MWh. In contrast to the 

results of Fell (2010), when the responses are forecasted into the future the permanent 

rise in the prices is observed.  

 

These price jump value estimates appear to be sensible. As discussed in previous chapters, 

since different electricity generation technologies produce different levels of CO2 

emissions, the amount at which the electricity price increases due to a shock in the 

emission allowance price depend on the marginal generation unit concerned. If the pass-

through rate of emission allowance costs to electricity prices is 100%, the marginal 

response of electricity price to a 1€/ton increase in emission allowance prices should be 

approximately 0.41€/MWh if coal is the marginal production technology and 0.23€/MWh 

if natural gas is used as the marginal technology. The short-term electricity response 

estimate of 0.20 €/MWh is therefore in line for a market where natural gas generators are 

usually on the margin and the cost pass-through is close near cost pass-through. 

8.4 VECM estimation results for different phases of EU ETS 

 

Due to the differences in phase II and III of the EU ETS, a comparison of the cost pass-

through rate of EUA prices to electricity prices is of interest. To analyse the differences, 

the VECM results for phase II will be estimated, followed by the estimation results for 

phase III. Last, a summary for the total period and phase II and III will be presented.  

8.4.1 VECM estimation results for phase II of the EU ETS (2008-2012) 

 

The unit root tests used are again the ADF test and the KPSS test. Except for the 𝑃𝑆𝑌𝑆 

and the 𝑙𝑒𝑣𝑒𝑙𝑡 series, the test results indicate that the time series are integrated to the order 

one, I(1). The ADF test cannot reject the null of non-stationarity for the 𝑃𝑆𝑌𝑆 series with 

a constant and trend. However, it is only weakly rejected with a significance level of 10%, 

and considering the non-stationarity for 𝑃𝑆𝑌𝑆 series with just a constant, I will conclude 

that the 𝑃𝑆𝑌𝑆 series is a I(1). The ADF test further represent a border line case between 
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the I(0) and I(1) for the 𝑙𝑒𝑣𝑒𝑙𝑡 series with a constant. However, considering the results 

from the rest of the test, the analysis will continue with the assumption that all time series 

are integrated to the order one, I(1). The unit root estimates are presented in Table 10 in 

Appendix 3.  

 

The results from the cointegration rank test for phase II are presented in Table 11 in 

Appendix 3. The results of both the trace and maximum eigenvalue test indicate the 

existence of a single long-run relationship. Both tests reject the null hypothesis of no 

cointegrating vector 𝑅𝑎𝑛𝑘(𝛱𝑖) = 0 against the alternative single long-run relationship 

𝑅𝑎𝑛𝑘(𝛱𝑖) = 1. Since the cointegration tests suggest a long-term relationship among the 

variables, a VEC model can be applied. The selection criteria AIC and SIC shows that 

the model criteria are minimized at 3 lags (𝑘 = 3), meaning that 2 lags of ∆𝑃𝑡 should be 

included in the model specification.  

 

Table 7 presents the vector error correction model estimated for phase II of the EU ETS. 

The results indicate that in phase II, the cost pass-through rate is estimated to be 59%.  

Compared to the 84% cost pass-through rate that was estimated for the time period 2008-

2019, it can be concluded that phase II had a much lower pass-through rate. The 

cointegration vector estimates show that the signs of the long-run relationship are 

economically sensible, except for the natural gas prices.  
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Table 7 VECM parameter estimates for phase II of the EU ETS (2008-2012) 

 

Cointegration relationship  

Endogenous variables  

 𝑝𝑡
𝑆𝑌𝑆 𝑝𝑡

𝐸𝑈𝐴 𝑝𝑡
𝐶 𝑝𝑡

𝐺  𝑙𝑒𝑣𝑒𝑙𝑡 
 1.00 -0.59 -0.11 0.29 61.23 

Short Run Dynamics   

 𝑝𝑡
𝑆𝑌𝑆 𝑝𝑡

𝐸𝑈𝐴 𝑝𝑡
𝐶 𝑝𝑡

𝐺  𝑙𝑒𝑣𝑒𝑙𝑡 
𝐸𝐶𝑡−1 - -0.01*** -0.09*** - -0.00*** 

∆𝑝𝑡−1
𝑆𝑌𝑆 0.22** - - - - 

∆𝑝𝑡−1
𝐸𝑈𝐴 - 0.16* - - - 

∆𝑝𝑡−1
𝐶  - - 0.20** - -0.00** 

∆𝑝𝑡−1
𝐺  0.58** - - - - 

∆𝑙𝑒𝑣𝑒𝑙𝑡−1 - -5.04** - - 0.42*** 

∆𝑝𝑡−2
𝑆𝑌𝑆 - - - - 0.00** 

∆𝑝𝑡−2
𝐸𝑈𝐴 -1.12* - - 0.33** - 

∆𝑝𝑡−2
𝐶  - -0.02* - -0.04** - 

∆𝑝𝑡−2
𝐺  - - 1.09** - - 

∆𝑙𝑒𝑣𝑒𝑙𝑡−2 - - - - 0.23*** 
Notes: *** - significant at 1% level, ** - significant at 5 % level, * - significant at 

10 % level. 𝐸𝐶𝑡−1 refers to the adjustment coefficients (𝛼). 

 

The short run dynamics of the electricity price have significant reactions from its own 

autoregressive component, and from fluctuations in the natural gas price and emission 

allowance price. The short run dynamics for the emission allowance price can be seen to 

be determined by the coal price, reservoir level and from its own autoregressive 

component. The significant reaction of reservoir levels on emission allowance prices does 

not seem sensible. However, the reservoir level might be correlated with temperature, 

which have been proven to impact emission allowance prices. In other words, the effect 

that the reservoir level appears to have on the emission allowance price might in reality 

be showing the impact of temperature.  

 

The short run dynamics of the coal price have significant reactions from its own 

autoregressive component and from lagged natural gas prices, while the short run 

dynamics of the natural gas price have significant reactions from lagged emission 

allowance and coal prices. 
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8.4.2 VECM estimation results for phase III of the EU ETS (2013-2019) 

 

The unit root test results for phase III are presented in Table 13 in Appendix 4. The ADF 

test and the KPSS test show similar results for phase III as in phase II, indicating that all 

the time series are integrated to the order one, I(1), except for the 𝑃𝑆𝑌𝑆 and the 𝑙𝑒𝑣𝑒𝑙𝑡 

series. The ADF test cannot reject the null of non-stationarity for the 𝑃𝑆𝑌𝑆 series with a 

constant and trend, while the KPSS test cannot reject the null hypothesis of stationarity 

for 𝑃𝑆𝑌𝑆. Furthermore, since the ADF reject the non-stationarity for 𝑃𝑆𝑌𝑆 series with just 

a constant, I will conclude that the 𝑃𝑆𝑌𝑆 series is a I(1). Considering the results from the 

the tests, the analysis will continue with the assumption that all time series are integrated 

to the order one, I(1), except the stationary 𝑙𝑒𝑣𝑒𝑙𝑡 series, I(0).  

 

The results of the trace and maximum eigenvalue in the cointegration rank test indicate 

the existence of a single long-run relationship within the variables. The results, that are 

presented in Table 14 in Appendix 4, show that both tests reject the null hypothesis of no 

cointegrating vector 𝑅𝑎𝑛𝑘(𝛱𝑖) = 0 against the alternative single long-run relationship 

𝑅𝑎𝑛𝑘(𝛱𝑖) = 1. The selection criteria AIC and SIC shows that the model criteria are 

minimized at 9 lags (𝑘 = 9), meaning that 8 lags of ∆𝑃𝑡 should be included in the model 

specification.  

 

The model parameter estimated for phase III are presented in Table 8. The estimated cost 

pass-through rate for phase III of the EU ETS is 66%, which is higher than the estimate 

for phase II. The cointegration vector estimates show that the signs of the long-run 

relationship are all economically sensible. This model indicates that a 1% increase in the 

coal (natural gas) price would be associated with a 0.26% (0.35%) rise in electricity price 

rise. 
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Table 8 VECM parameter estimates for phase III of the EU ETS, 2012-2019 

 

Cointegration relationship      

Endogenous variables      

 𝑝𝑡
𝑆𝑌𝑆 𝑝𝑡

𝐸𝑈𝐴 𝑝𝑡
𝐶 𝑝𝑡

𝐺       

 1.00 -0.66 -0.26 -0.35      

Short Run Dynamics       

 𝑝𝑡
𝑆𝑌𝑆 𝑝𝑡

𝐸𝑈𝐴 𝑝𝑡
𝐶 𝑝𝑡

𝐺   𝑝𝑡
𝑆𝑌𝑆 𝑝𝑡

𝐸𝑈𝐴 𝑝𝑡
𝐶 𝑝𝑡

𝐺  
𝐸𝐶𝑡−1 -0.14** - - - ∆𝑝𝑡−5

𝐸𝑈𝐴 0.99** - - - 

∆𝑝𝑡−1
𝑆𝑌𝑆 - - - - ∆𝑝𝑡−5

𝐶  - - - - 

∆𝑝𝑡−1
𝐸𝑈𝐴 - 0.11* - - ∆𝑝𝑡−5

𝐺  - - - - 

∆𝑝𝑡−1
𝐶  - - 0.12* - ∆𝑝𝑡−6

𝑆𝑌𝑆 - - - - 

∆𝑝𝑡−1
𝐺  0.69* - - - ∆𝑝𝑡−6

𝐸𝑈𝐴 - - - - 

∆𝑝𝑡−2
𝑆𝑌𝑆 -0.21*** - - - ∆𝑝𝑡−6

𝐶  - - - - 

∆𝑝𝑡−2
𝐸𝑈𝐴 - - - - ∆𝑝𝑡−6

𝐺  - - - - 

∆𝑝𝑡−2
𝐶  - - - - ∆𝑝𝑡−7

𝑆𝑌𝑆 - - - - 

∆𝑝𝑡−2
𝐺  - - 0.41* - ∆𝑝𝑡−7

𝐸𝑈𝐴 -0.83* -0.13* -0.54* -0.16* 

∆𝑝𝑡−3
𝐸𝑈𝐴 - - - - ∆𝑝𝑡−7

𝐶  - - - - 

∆𝑝𝑡−3
𝐶  - - - - ∆𝑝𝑡−7

𝐺  - - - -0.25*** 

∆𝑝𝑡−3
𝐺  - - - - ∆𝑝𝑡−8

𝑆𝑌𝑆 - - - - 

∆𝑝𝑡−3
𝑆𝑌𝑆 - - - - ∆𝑝𝑡−8

𝐸𝑈𝐴 - 
-

0.21*** 
- - 

∆𝑝𝑡−4
𝐸𝑈𝐴 - - - - ∆𝑝𝑡−8

𝐶  - - - - 

∆𝑝𝑡−4
𝐶  - -0.04* - - ∆𝑝𝑡−8

𝐺  - - - - 

∆𝑝𝑡−4
𝐺  - - - 0.16** 𝑙𝑒𝑣𝑒𝑙𝑡 - - - 0.53* 

∆𝑝𝑡−5
𝑆𝑌𝑆 - - -0.09* -0.03*      

Notes: *** - significant at 1% level, ** - significant at 5 % level, * - significant at 10 % level. 𝐸𝐶𝑡−1 refers to the 

adjustment coefficients (𝛼). 

 

 

Looking at the short run dynamics, the electricity price shows significant reactions from 

its own autoregressive component, as well as from fluctuations in the natural gas price 

and emission allowance price. Interestingly, no significant reactions from coal prices can 

be seen on the electricity prices in the short run in any of the time periods analysed. In 

the short run, the emission allowance prices are determined by its own autoregressive 

components and coal prices. The short run dynamics show that the coal prices are 

determined by fluctuations in natural gas prices, electricity prices and emission allowance 

prices. 
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9 DISCUSSION 

 

This chapter aims to connect the empirical results from chapter eight with the theory and 

previous research presented in previous chapters.  

9.1 The cost pass-through rates for different phases of the EU ETS  

 

The results presented in chapter eight indicate that the sensitivity of the EU emission 

allowance price to the Nord Pool system price has increased over time. There are several 

possible explanations to why the cost pass-through have increased from phase II to phase 

III. The most likely explanation for the strengthening link is the change of allocation 

method in the EU Emission Trading System. As earlier mentioned, (see 2.1), the standard 

allocation method in phase II was free allocation, while in phase III the emission 

allowances are mainly allocated through auctioning. Free allowances can delay, or even 

prevent, incentives for investment in less carbon-intensive technologies. Hence, the 

product price will decrease and the longer-term emission allowance cost pass-through 

will dampen in an emission trading system with free allocation of allowances. The results 

from the previous chapter align with the theory and indicate that the change in allocation 

method has strengthen the efficiency of the EU Emission Trading System.  

 

Another possible explanation for the increased cost pass-through from phase II to phase 

III is a shift in the merit order. As described in chapter four, a change in the merit order 

from a marginal production technology with high marginal cost to one with a lower cost 

causes the “work-on” rate to be less than 100 %, even though the add-on rate is 100%. The 

increased share of low-carbon electricity generation technologies on the Nord Pool 

market, such as wind and hydro power, may have shifted the merit order in the Nordic 

electricity market.  

 

The results of a strengthening link between the emission allowance prices and electricity 

prices contradict with the study by Freitas & da Silva (2016), which showed a decreasing 

cost pass-through effect from phase II to phase III of the EU ETS. One explanation for 

the contradicting results is that the study by Freitas & da Silva only included the first 2 

years of phase III, to December 2013. Figure 2 in chapter 2.2 clearly shows that the price 
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of European emission allowances was decreasing during the first part of phase III (2012-

2013), while it from 2014 onwards increased until it reached its peak price of 29.76 

€/tCO2 in September 2019. The low price in the beginning of phase III is an indication of 

an inefficient emission allowance price determination, which may have been a result of 

the emission cap not being tight enough. 

 

An interesting finding in the previous chapter is the higher cost pass-through rate when 

comparing the whole period, 2008-2019, compared to analysing the cost pass-through 

rate of phase II and phase III of the system separately. The rational result when analysing 

the whole period would be to find a cost pass through rate that is between the rate of phase 

II and phase III. One explanation for this is that the VEC model overcorrects one of the 

variables in the model. As described in chapter 6, the VEC model characterize the joint 

dynamic behaviour of a collection of variables without requiring strong restrictions of the 

kind needed to identify underlying structural parameters. Since the VEC models that are 

estimated in the analysis are based on the cointegration between the variables, it is 

possible that the model shows a stronger connection between two of the variables during 

a longer time span if the two variables are more strongly correlated within the joint 

dynamic behaviour of other variables. 

 

Another interesting finding is the results from the impulse response analysis. In contrast 

to the paper by Fell (2010), who found that electricity prices have large short-term 

responses to emission allowance price shocks that dampens over time, this study finds 

that the response does not dampen over time. In fact, the results show that the response 

remains over time. This might further imply that the European Emission Trading System 

has improved its efficiency in regards to the sensitivity of EU emission allowance price 

to the Nord Pool system price.  

9.2 The effects of natural gas and reservoir levels  

 

An unexpected finding in the analysis in the previous chapter is the negative effect of the 

natural gas price on electricity prices in the model for phase II of the EU ETS (2008-

2012). The results for phase II indicate that a rise in the natural gas price would have had 

a decreasing effect on system prices in phase II, which is not economically sensible. The 
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results are however in line with Figure 15, which presents the Nord Pool system price, 

EU emission allowance price, natural gas price and coal price during 2008-2019. In 

particular, during 2010-2011, almost no positive relationship can be seen between the 

natural gas prices and the Nord Pool system prices. The electricity price spikes during 

this period does not follow a similar trend for the natural gas prices, even though similar 

price spikes can be seen in the coal price during the same periods. Looking closely to the 

graph, the negative relationship can be seen during several points in time during 2008-

2012. It is apparent that coal the main electricity generation technology used during this 

time, and that peaks in electricity prices were not affected by the natural gas prices in the 

same extent in this time period.  

 

Another interesting finding is regarding the degree of endogeneity of the reservoir level 

variable in the different models used in the analysis. In the model for phase II, the variable 

for reservoir levels is best modelled as an endogenous variable, while it is best modelled 

as an exogenous variable in the models for phase III and phase II + III. As discussed 

earlier (see 8.1), the reservoir level variable can be seen as either exogenous, if the 

reservoir levels are primarily determined by weather conditions, or as endogenous, if 

hydroelectricity is according to its option value to capture higher electricity prices. It 

seems like the latter was the case during phase II. In other words, reservoir levels had a 

stronger impact on the Nordic electricity prices during phase II, and the reservoir level 

could be seen as a function of the electricity prices. It is further possible that this might 

have been affected by the less perfect price determination for the EU emission allowance 

prices during phase II of the EU Emission Trading System. makes the changes in the 

hydro reservoir levels to be a more important price driver, but as the price determination 

for the emission allowances become more efficient, the effect of the reservoir levels drops 

out as a function of the electricity prices and is instead primarily determined by weather 

conditions, i.e. exogenous.  
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10 CONCLUSION 

 

The aim of this thesis was to estimate the emission allowance cost pass-through to the 

Nordic electricity wholesale prices. Using a cointegrated vector autoregression model, 

the relationship between Nordic electricity prices and the European emission allowance 

prices is determined for different time periods and phases of the European Emission 

Trading System. The Johansen integration tests confirm the existence of a single long-

run relationship among Nordic electricity system prices, emission allowance prices, coal 

prices, natural gas prices and reservoir levels. The existence of a single long-run 

relationship among the variables means that the variables are cointegrated and move 

together over time towards a long-run equilibrium. The VEC model was estimated using 

weekly data, first for the period corresponding to whole phase II and phase III of the EU 

ETS (2008-2019), and then phase II (2008-2012) and phase III (2013-2019) separately. 

For the period 2008-2019 corresponding to phase II and phase III of the EU Emission 

Trading System, the electricity price elasticity is estimated to be 0.84, meaning that a 1% 

shock in the emission allowance price translates into a 0.84% shock in electricity price in 

the long run. The empirical results of the cost pass-through rates are in line with studies 

concerning the impact of EU emission allowance prices on Nordic electricity prices.  

 

Analysing phase II and III separately, the sensitivity of the system price to the emission 

allowance price has increased over time. In other words, the effect of the emission 

allowance price on the Nordic electricity price has increased from phase II and III. During 

phase II, the electricity price elasticity is estimated to be 0.59, while the corresponding 

elasticity is estimated to be 0.66 in phase III. A higher cost pass-through of emission 

allowance price to electricity prices indicate that the EU Emission Trading System has 

improved its efficiency. The results from the VECM estimation showed that natural gas 

prices and emission allowance prices have statistically significant short-run effects on the 

Nord Pool system prices. Furthermore, the impulse response analysis results show that 

Nordic electricity prices react significantly to price shocks in the EU emission allowance 

prices, and that this response does not dampen over time. Previous studies have not found 

similar results, but rather that a shock in the EUA price on Nord Pool’s system price 

dampens over time. This study is one of the first to provide empirical evidence of the 
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impact of carbon price on electricity price during both phase II and III. The findings 

clearly make the case that an increase in the emission allowance price has strengthen the 

link between the emission allowance market and electricity market. The results further 

support the EU’s decision to eliminate free allocation of emission allowances for phase 

III for electricity producers.  
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APPENDIX  1 Key features of the EU ETS 

KEY FEATURES PHASE I 
(2005-2007) 

PHASE II 
(2008-2012) 

PHASE III 
(2013-2020) 

GEOGRAPHY  EU27 EU27 + Norway, 
Iceland, 
Liechtenstein 

EU27 + Norway, 
Iceland, 
Liechtenstein, 
Croatia (from 
1.1.2013 (aviation 
from 1.1.2014) 

SECTORS Power stations and 
other combustion 

plants 20MW 
Oil refineries 
Coke ovens 
Iron and steel 
plants 
Cement clinker 
Glass 
Lime 
Bricks 
Ceramics 
Pulp  
Paper  

Phase 1 + aviation 
(from 2012) 

Phase 1 +  
Aluminium  
Petrochemicals 
Aviation from 
1.1.2014 
Ammonia  
Nitric, adipic and 
glyoxylic acid 
production 
CO2 capture, 
transport in 
pipelines and 
geological storage 
of CO2 
Aviation 
 

GHGS CO2 CO2, N2O, emissions  
via opt − in 

CO2, N2O, PFC from 
aluminium 
production 

CAP 2058 million tCO2 1859 million tCO2 2084 million tCO2 
in 2013, decreasing 
in a linear way by 
38 million tCO2per 
year 

ELIGIBLE 
TRADING 
UNITS  

EUAs  EUAs, CERs, ERUs 
Not eligible: Credits 
from forestry and 
large hydropower 
projects 

EUAs, CERs, ERUs 
Not eligible: CERs 
and ERUs from 
forestry, HFC, N2O 
or large 
hydropower 
projects. Note: 
CERs from projects 
registered after 
2012 must be from 
Least Developed 
Countries 
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APPENDIX  2 Background information on the data sets 

For the econometric assessment, the data were obtained from:  

• Nord Pool (hourly observation of elspot prices and weekly hydro reservoir levels 
for Finland, Sweden and Norway for the years 2008-2019) 

• European Energy Exchange AG  (EEX EUA daily spot price for the years 2008-
2019) 

• Thomson Reuters (daily observations of coal and natural gas prices, 2008-2019) 

Data transformations and estimations were carried out in R. 
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APPENDIX  3 VECM estimations for phase II  

Table 9 Summary statistics for EU ETS phase II, 2008-2012 

Variable Mean Min. Max. St. dev. 

𝑃𝑡
𝐸𝑈𝐴 14.26 6.17 27.69 4.88 

𝑃𝑡
𝑠𝑦𝑠

 43.03 8.4 88.64 14.14 

𝑃𝑡
𝐺  20.49 8.09 34.50 6.44 

𝑃𝑡
𝐶 103.65 56.65 215.80 33.55 

𝑙𝑒𝑣𝑒𝑙𝑡 0 -0.45 0.29 0.21 

 

Table 10 Unit root test for phase II, 2008-2012 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 11 Cointegration Rank Test for phase II 

𝐻0:  Trace test Max eig. 

𝑟 = Statistics  Statistics  

0 100.78***  48.94***  

1 51.85*  25.86*  

2 25.98  17.91  

3 8.07  6.76  
Notes: *** - significant at 1% level, ** - significant at 5 % level, 

* - significant at 10 % level. 𝑟 refers to the number of 

cointegrated vectors. 

 
 

ADF test KPSS test  

 Levels   

Variable Constant Constant&Trend Constant Constant&Trend 

 Stat. Stat.  Stat. Stat.  

𝑃𝐸𝑈𝐴 -1.65 -1.99  2.43*** 0.41*** 

𝑃𝑆𝑌𝑆 -0.95 -3.28*  0.40** 0.37*** 

𝑃𝐺  -0.27 -1.45  0.99*** 0.79*** 

𝑃𝐶 -0.75 -1.48  0.55** 0.55*** 

𝑙𝑒𝑣𝑒𝑙𝑡 -2.35** -2.31  0.42** 0.33*** 

First Differences  

∆𝑃𝐸𝑈𝐴 -9.96*** -10.08***  0.08 0.08 

∆𝑃𝑆𝑌𝑆 -10.48*** -10.44***  0.05 0.03 

∆𝑃𝐺 -9.47*** -9.52***  0.20 0.09 

∆𝑃𝐶 -8.44*** -8.42***  0.14 0.11 

∆𝑙𝑒𝑣𝑒𝑙𝑡 -5.31*** -5.32***  0.08 0.08 
Notes: *** - significant at 1% level, ** - significant at 5 % level, * - significant at 10 

% level. Lags chosen by AIC minimization criteria. Null hypothesis of a unit root (the 

series is non-stationary) for ADF test. Null hypotheses of stationarity for KPSS test. 
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APPENDIX  4 VECM estimations for phase III 

 

Table 12 Summary statistics for EU ETS phase III, 2012-2019 

Variable Mean Min. Max. St. dev. 

𝑃𝑡
𝐸𝑈𝐴 10.12 2.97 29.02 7.43 

𝑃𝑡
𝑠𝑦𝑠

 32.72 7.95 60.12 9.56 

𝑃𝑡
𝐺  19.34 9.68 28.66 4.87 

𝑃𝑡
𝐶 73.12 42.98 102.07 15.06 

𝑙𝑒𝑣𝑒𝑙𝑡 0 -0.38 0.29 0.18 

 
 Table 13 Unit root test for phase III, 2012-2019 

Table 14 Cointegration Rank Test for phase III, 2012-2019 

 

 

 

 

 

 

 

 

ADF test KPSS test  

 Levels   

Variable Constant Constant&Trend Constant Constant&Trend 

 Stat. Stat.  Stat. Stat.  

𝑃𝐸𝑈𝐴 1.33 -1.49  4.01*** 1.21*** 

𝑃𝑆𝑌𝑆 -1.16 -4.07***  1.53*** 0.79*** 

𝑃𝐺  -1.30 -1.88  1.88*** 0.61*** 

𝑃𝐶 -1.00 -1.37  0.62** 0.60*** 

𝑙𝑒𝑣𝑒𝑙𝑡 -3.52*** -3.5**  0.08*** 0.08*** 

First Differences  

∆𝑃𝐸𝑈𝐴 -12.88*** -13.13***  0.40* 0.06*** 

∆𝑃𝑆𝑌𝑆 -17.60*** -17.57***  0.05*** 0.03*** 

∆𝑃𝐺 -12.45*** -12.46***  0.08*** 0.07*** 

∆𝑃𝐶 -12.57*** -12.57***  0.16*** 0.16** 

∆𝑙𝑒𝑣𝑒𝑙𝑡 -6.45*** -6.43***  0.02*** 0.02*** 
Notes: *** - significant at 1% level, ** - significant at 5 % level, * - significant at 10 

% level. Lags chosen by AIC minimization criteria. Null hypothesis of a unit root (the 

series is non-stationary) for ADF test. Null hypotheses of stationarity for KPSS test. 

 

 

𝐻0:  Trace test Max eig. 

𝑟 = Statistics  Statistics  

0 57.8**  27.98*  

1 29.82  15.90  

2 13.92  11.78  

3 2.14  2.14  
Notes: *** - significant at 1% level, ** - significant at 5 % level, 

* - significant at 10 % level. 𝑟 refers to the number of 

cointegrated vectors. 
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