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Tiivistelmä 

 

Markkinateorian mukaan arvoa luodaan oikealla hinnoituksella. Oikean hinnan määrit-
täminen puolestaan edellyttää, että kaikki transaktion liittyvät kustannukset otetaan 
huomioon. Ulkoiskustannukset ovat transaktion liittyviä kompensoimattomia sivuvaiku-
tuksia.  Toisin kuin yksityinen kustannus, sosiaalinen kustannus vaikuttaa myös muihin 
ihmisiin kuin transaktiota tekeviin. Sosiaalinen kustannus muodostuu ulkoiskustannuk-
sesta sekä yksityisestä kustannuksesta. Lisääntynyt luonnonvarojen käyttö on johtanut 
korkeampaan elintasoon mutta myös lisääntyneeseen huoleen siitä että ihmiskunta 
elää yli varojensa. Kun taloustiede ja ympäristöön liittyvät huolet yhdistyvät syntyy tar-
ve selvittää mitkä sähkötuotannon kokonaiskustannukset ovat. 
Ulkoiskustannusten arvioinnissa suurin ongelma on, että arvo määritellään markkina-
lähtöisesti. Ulkoiskustannukset ovat olemassa juuri siksi että markkinat eivät ole otta-
neet niitä huomioon, minkä takia on löydettävä muita arvoja joita voidaan käyttää. Tä-
män diplomityön tarkoituksena on selvittää, miten eri tutkimukset ovat määritelleet 
ulkoiskustannuksia, millaisia tuloksia on saatu ja mitä yleisiä johtopäätöksiä niistä voi 
vetää. Lisäksi tarkoitus on tehdä katsaus erityisesti Suomen tilanteesta ja selvittää mikä-
li arvioidut ulkoiskustannukset vastaavat energiapoliittisia linjauksia.  
Ulkoiskustannuksia tarkastelevissa tutkimuksissa menetelmä valitaan yleensä sen pe-
rusteella, mihin tarkoitukseen tutkimus käytetään ja osittain sen perusteella millaista 
dataa on käytettävissä. Näin ollen joudutaan joskus valitsemaan halutun menetelmän 
tai luotettavampien tulosten välillä. Kuitenkin tutkimusten tulokset viittaavat samaan 
suuntaan riippumatta menetelmästä ja pääasialliset ulkoiskustannusten kategoriat ovat 
ilmastonmuutos ja terveysvaikutukset. 
Suomen osalta tulokset ovat samankaltaisia verrattuna muuhun maailmaan. Lainsää-
dännön osalta nähdään selkeä taipumus pyrkiä kannustamaan uusiutuvien energialäh-
teiden käyttöä sähköntuotannossa. Poliittinen päätöksenteko ei ole yksi yhteen arvioi-
tujen ulkoiskustannusten kanssa ja kompensoimiskeinot ovat vähäisempiä kuin ulkois-
kustannukset. Tässä näkyy myös taipumus suosia kotimaista tuotantoa. 
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Abstract 

According to market theory most value is created with the right price. The right price 
require that every cost related to the transaction is taken into account. Externalities are 
uncompensated side effects that take place due to a transaction. The difference bet-
ween the private cost and the social cost is that social cost affects other people then 
the ones doing the transaction and therefore the social cost consists of the externality. 
A growing use of resources has lead to a higher quality of life but also a growing con-
cern that we as humans are using up more resources than earth can produce. Together, 
economic theory and environmental concern creates an interest in finding out what the 
total costs of producing electricity is. 
The main problem when estimating the value of externalities that the definition of va-
lue is that the market decides the value. Externalities exist precisely because the market 
has not taken them into account which means that we must find some other value to 
use. The purpose of this thesis is to first of all look at how different studies on externa-
lities have defined externalities, second to look at results and what they generally tell us 
and third to specifically look at Finland and see if the estimated externalities at all 
match policy making. 
Externality studies in general choose their method based partly on what the study is 
supposed to be used for and partly based on what data is available. We are thefore in a 
situation where we sometimes have to choose between preferred method or more re-
liable results. Crucially however is that externality studies tend to point in the same 
direction regardless of method so that the main externality categories are climate 
change and health impacts. 
For Finland the results are similar to the rest of the world. When compared to legislati-
on we see that there is a clear tendency to try to encourage electricity generation to 
renewable energy sources. Policy-making does not to follow externality estimates as 
the taxes and other ways of compensating are smaller than the externalities but there is 
also a tendency to favor domestic production. 
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1 Introduction 
 

In the last centuries mankind has seen a significant rise in living standards. This rise has 

been closely connected to a growing use of energy. Inventions and scientific progress like 

the steam engine, electricity and induction has helped us use natural resources for our gain. 

 

Today we live in a world where market economy is a dominating force when it comes to 

building societies. Built into a market economy is the never-ending aim for growth. When 

studying economic growth historically we can find that economic growth has always 

walked hand-in-hand with a growing use of energy and a growing use of natural resources. 

So while a person in for example Finland is materialistically better off today than one hun-

dred years ago that change could not have been achieved without using more natural re-

sources. 

 

Scientific progress often helps us use natural resources in a more efficient way, i.e. getting 

more energy out of a fuel, but long term the effect is always that consumption rises. The 

economist William Stanley Jevons noticed that when a commodity can be produced in a 

more efficient way it becomes cheaper to produce it, and when it becomes cheaper to pro-

duce the commodity, more will be produced (Jevons 1866). This effect is now called the 

Jevons paradox. 

 

Another change over the last few centuries has been the growing population of mankind.  

Combining that with Jevons paradox and scientific progress means that when it comes to 

natural resources mankind has over the past centuries been consuming more and more of 

what is available. While the earth in itself hasn't changed in size there is naturally a limit to 

how much of her we can consume purely in terms of what is available but that is not the 

only limit we are working our way towards. Without doubt, the reported climate change is 

due to human activity (Stocker et.al., 2013). A severe climate change could drastically af-

fect living conditions on earth possibly leading to catastrophes. 

 

Due to many reasons we have in the past few decades seen a rise in awareness in environ-

mental issues. There is a concern regarding the consequences of human activity for the 

planet and the environment. This concern can also be seen in politics as well as in econom-

ics. There exists an unerstanding within politics for a need to regulate human activity. Ex-

ternalities can be seen as an economic definition of a side effect and understanding exter-

nalities can be seen as a part of a process of understanding how to regulate human activity. 

 

1.1 Purpose and scope of thesis 
 

The purpose of this thesis is to examine what we know about externalities today and how 

that knowledge can be used in policy-making. To answer these questions I will be examin-

ing studies on external costs, assessing why different studies end up with different results 

and to what extent the results can be used. New methods for calculating externalities or 

new calculations based on existing methods will not be done, rather the scope of this thesis 

is limited to what kind of conclusions we can draw from a policy-making perspective. I 

will also compare current knowledge on externalities with existing policies and ener-

gy/electricity production in Finland.  
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The purpose can be summarized in the following questions: 

 

1. What is the current state of setting a value on externalities?  

2. Can externality calculations be used in policy-making?  

3. How well does externality calculations and taxes, tariffs and subsidies compare in 

Finland? 

 

This thesis will not include any new calculations on externalities and the focus of the third 

point will lie on whether legislation is taking externalities into account. It is worth pointing 

out that thorough studies on externalities require a lot of work to be completed and are thus 

not made very often. This means that the data in the externality studies can sometimes be 

significantly older than data on legislation or production of electricity today. 

 

1.2 Structure of the thesis 
 

In an attempt to answer the questions listed in the previous chapter this thesis is structured 

in the following way. First we look at what an externality is and how it is a part of econom-

ic theory. That leads us to how we define externalities more closely, from where we take a 

look at how existing studies on externalities have dealt with the definiton of externalities. 

To answer the main question we partly look at what different studies say on electricity ex-

ternalities for Finland and what policies regarding compensating for externalities exist to-

day. 
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2 Market theory and externalities 
 

In economic theory the perfect market consists of an infinite amount of operators who all 

have access to all information, know their own objectives and are acting rationally in order 

to fulfill these objectives. The best overall outcome, which is when the use of resources is 

most efficient, will be reached when the market can operate without restrictions so that 

every actor on the market will be acting according to their own interests and possibilities. 

Meaning also that a market will automatically strive towards reaching this optimum. 

 

In a theoretical perfect market the price for a commodity is where supply and demand meet  

 

𝐷 = 𝑞 ∗ 𝑝 𝑤ℎ𝑒𝑟𝑒     (1) 

𝐷 =  𝑑𝑒𝑚𝑎𝑛𝑑, 𝑞 = 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦, 𝑝 = 𝑝𝑟𝑖𝑐𝑒  

 

𝑆 = 𝑄 ∗ 𝑃     (2) 

𝑆 =  𝑠𝑢𝑝𝑝𝑙𝑦, 𝑄 = 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦, 𝑃 = 𝑝𝑟𝑖𝑐𝑒  
 

When the quantity of demand for a commodity equals the quantity of supply the market is 

in balance. 

𝐷 = 𝑆      (3) 

Meaning that  

𝑞 = 𝑄      (4) 

and  

𝑝 = 𝑃      (5) 

 

This of course requires the good or service sold to be easily quantified and to have a large 

demand. On a smaller scale a price for a commodity is one where both the buyer and the 

seller evaluate that their gained value is larger than the price or at least the prospected deal 

is the best option for them. 

 

 

2.1 Externality as a market failure 
 

A market is theoretically always functioning as a perfect market, as defined earlier, but in 

reality a market is never perfect. All actors will never have the same information and as it 

has turned out humans cannot be assumed to function rationally or have clear objectives 

and goals. This means that there is in fact a difference between how the perfect market 

would work and how the market in reality works. When the market isn't efficient, as in not 

using all resources in the most efficient way to create the most value, it is a situation of 

market failure. 

 

So externalities can exist when a market fails and more specifically, it is a cost, paid by a 

third party, who isn’t involved in the transaction that creates the cost. In theory there is no 

such thing as an externality. As all information is available and everyone is acting rational-

ly all costs of a decision is taken into account. Therefore there should be no such thing as 

an unaccounted side effect. Externalities can however exist at least partly due to the fact 

that the available information is always asymmetric making the market never perfect and 
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because not everything is owned by someone. For example, while climate change clearly 

will be expensive for mankind, no one owns the climate or the air we are breathing. 

 

So externalities create a gap between the value gained and the optimal value. Therefore an 

externality must have a value, as it could not otherwise appear in the same chart. However 

the market defines value and when it comes to externalities there is specifically no one 

paying for it an externality so according to the market, externalities have no value. This 

means that in reality when trying to put a value on externalities the concept has to be close-

ly defined so that a compensating value can be counted as specifically as possible. 

 

In externality literature different names are used for the same phenomena with externality 

and external cost probably being the most common. In this thesis the words external cost 

and externality can be used as synonyms. 

 

 

2.2 Relevance; why counting externalities? 
 

Electricity production although often executed by private actors is based on regulations and 

political decisions. This is partly because our society as we know it relies heavily on relia-

ble access to electricity. Since much of the decision-making is about economics it general-

ly makes sense to know as much as possible about the economic implications of the alter-

natives. Many studies on externalities mention helping decision-making as one of the driv-

ing forces and it is the main field within which externality research is used.  

 

A specific goal with counting the value of externalities comes directly from economic the-

ory about the optimal use of resources. As mentioned earlier resources are used in the most 

efficient way when the price of a commodity is right meaning that all costs are taken into 

account. For this to happen we must know the value of the externalities, as we expect the 

seller and the buyer to be able to take into account their own costs and gains but nothing 

more then that. 

 

One of the goals for many externality studies has been to find the right price; this has got to 

do with economic theory that states that the most efficient use of resources will be reached 

when every transaction has the right price. (Sundqvist 2002b) 

 

While we will return to the definition of externalities later we can already conclude that the 

basic concept can be seen as fairly straightforward. This knowledge is however of little 

practical use unless we are also able to somehow calculate a value. 

 

In his paper prepared for OECD Nuclear Energy Agency David Pearce, 2001 summarizes 

the current state of externality studies and gives the following reasons to why we should 

have an interest in defining and counting externalities.  

 

1. To guide investment decisions. Particularly when public owned or partly public 

owned all social costs should be taken into account. 

2. To estimate environmental taxes 

3. To modify national accounts. The idea is to replace GDP with a measure that ac-

counts for the depreciation of natural resources. 
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4. To raise awareness of different impacts 

5. Create a priority setting for environmental policy. The idea is to create some kind 

of cost-benefit principle that activities with lower social costs are prioritized ahead 

of activities with higher social costs  

 

In one of the main externality studies, ExternE (2005), the reasons for setting a value on 

externalities is given as 

 Giving all relevant information to investment decisions  

 Technology assessment. Knowing the principal strengths and weaknesses of each 

technology  

 Knowing marginal external costs as not only investments cause externalities but 

consumer decisions can influence the size of external costs  

 Cost-benefit analysis for policies and measures that reduce environmental and 

health impacts  

 Green accounting  

 

Generally the interest in external costs is largely based on economical as well as environ-

mental reasons. Economical because most efficient use of resources requires that all costs 

are accounted for and environmental because it has become clear that human activity has 

and continues to affect the environment. Regardless of the reason behind the interest the 

connection to policy-making is easily drawn and is often stated as one of the reasons be-

hind the need to do more research. In fact it is possible that we have due to lack of 

knowledge on externalities been making wrong decisions and if we managed to internalize 

the external costs it could mean a market breakthrough for several renewable energy 

sources. (Owen, 2006) 

 

In this thesis we will see that a major part of electricity externalities are related to climate 

change due to emissions of greenhouse gases. The Stern review (page iv) estimates that 

65% of greenhouse gases are energy emissions and 24% are from power. (Stern et.al. 

2006) This of course isn't fully equivalent to electricity externalities but it does give a pic-

ture of the problem on a global scale. 
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3 Definition of externality 
 

In economics literature externalities are defined as a cost that occurs due to some defined 

actions and has to be paid for by an actor who is not the seller or the buyer of the specific 

action. The economist Henry Sidgwick is generally credited as the first to talk about exter-

nalities. Externalities could be described as an economic definition of side effects that are 

unaccounted for and that affects others then the one’s involved in creating the side effect.  

 

Baumal and Oates (1988) define externalities as a cost or benefit, as an unpriced and un-

compensated side effect of one agent's action that directly affects the welfare of another 

agent. Pearce (2002) specifically notes that the effect has to be uncompensated to fulfill the 

definition of an externality. It is worth noticing that an externality can in fact also be posi-

tive but these are less studied and somewhat outside of the scope for this thesis. 

 

We can here point out that even if an externality has to be uncompensated and in many 

countries, including Finland, there are energy taxes and other structures where externalities 

are partly or indirectly paid for, when it comes to how we study externalities we separate 

the compensating side from the externality. So that we first estimate the value of the exter-

nality and then separately take a look at the compensating structures even if in theory an 

externality stops being an externality when there exist a compensation. 

 

Also worth noticing is the difference between a pecuniary and technological externality. 

Pecuniary externality is for example a situation where the price of a good rises due to 

growing demand leading to a situation where some customers cannot afford to buy any-

more. That situation means that for the customer who cannot afford the transaction any-

more the higher price is an externality but in terms of the economy as a whole we are still 

in a situation of pareto-efficiency. Technological externality to which environmental ef-

fects are counted affects the efficiency of the economic system due to its uncompensated 

effect on resources. Most studies on external costs focus on technological externalities, 

which is also what is of biggest interest from a perspective of policy-making. (Baumol and 

Oates 1988) 

 

As a comparison, internalities on the other hand are costs that affect the agent that also 

makes the decision but which that same agent is unable to take into account when making 

the decision. So, an internality would be a side effect that affects someone who is involved 

in creating it. So while externalities created in energy production to some extent consists of 

internalities, as decision makers are likely to be as affected as their neighbor, all side ef-

fects are generally viewed as external. 

 

In ExternE (2005) externalities are defined as: “An external cost arises, when the social or 

economic activities of one group of persons have an impact on another group and when 

that impact is not fully accounted, or compensated for, by the first group.” 

 

3.1 Social and private cost 
 

In economical theory the price of a producing a commodity is the private cost. This is the 

cost that affects the producer and the cost based on which the producer makes decisions on 

whether to produce and for what price to sell. Social costs are the complete costs of a 
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product, consisting of private as well as externalities. So while an actor in the market 

makes decisions based on the private cost, social cost is the cost that should be assessed 

when looking at what is optimal use of resources. Meaning that in a case of producing 

electricity, social costs consist of all costs related to production and also all costs caused by 

the production. Which furthermore means that from a policy-making perspective the chal-

lenge becomes to make the external cost a private cost. (Sundqvist, generally) 

 

Worth noticing is that there is no automatic incentive for an actor to base a decision on the 

social cost so to for that to happen there needs to be pressure from outside (Sundqvist 

200X). This is why we connect externalities to policy making. We will touch upon it later 

but the whole idea is that nothing will automatically be done about externalities so we tend 

to see it as a issue for policy making. 

 

3.2 Counting value of externality and earlier studies on externa-
lities 

 

Through the years the method to valuate externalities has evolved. The idea here is not to 

make a historical analysis of how the method has changed but to highlight the reasoning 

behind different methods. 

  
The general task when valuing externalities is to set a market price for a market failure. 

Meaning that externalities only occur because the market in itself wasn’t able to acknow-

ledge the side effects of its actions and transactions. However since we are talking about a 

monetary value what we in fact are talking about is a market value an externality can per 

definition not have a value, meaning we must estimate. We assume that the market (buyer 

and seller) are capable of setting a correct price in terms of their own gains but as we as-

sume that there are external costs we in fact say that the market price is wrong. The right 

price in itself is not necessarily reached by afterwards adding external costs to the price 

paid as it might effect the evaluation by the buyer or/and the seller. But if we know the 

value of the externality and create some sort of taxation that is known before the transacti-

on is made and that covers exactly the value of the externality, the price that the market 

then reaches would be the right price. 

 

The distinction between the market price and the "right price" is the difference between 

private and social costs. The private cost is the price paid but the social cost of a transacti-

on is all the costs related to the transaction, meaning private costs and external costs 

(Sundqvist 2002a). Again as defined in economic theory the most efficient use of resources 

occur when the price is the social cost meaning that to reach optimal use of resources we 

must know the value of the external costs. 

 

It is also worth noticing that the difference between social and private costs is the reason 

why externalities are of interest. As the private cost is the optimal price for the buyer and 

also the price that the market sets there is no automatic market function that reflects the 

external costs. Basically there is no theoretical reason for a market to take into account 

costs that affect others than those directly involved in the transaction which is the very 

reason why setting a value on externalities can be of importance for policy-makers. 
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An important and significant issue to decide on is also what to include in the valuation. 

The decision is often based on which externalities are seen as mature (Sundqvist). This 

means partly that there has to exist scientific knowledge sufficient enough to evaluate and 

also that the general public needs to have a good enough understanding of the externality 

to be able to evaluate it's value. 

Another question that needs answering is in the case of power generation the question of 

whether externalities should be counted for the whole fuel cycle or only for the generation. 

Naturally the externalities become larger when the whole fuel cycle is taken into account.  

 

3.2.1 Earlier studies 

Over the years a number of studeis on electricity externalities have been done. Sundqvist 

(2002a) have summerized several based both on results and methodology. The results can 

be seen in Figure 1 and Figure 2. 

 

 
Figure 1 Externality studies based on methodology used (Sundqvist 2002a) 
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Figure 2 Results from externality studies (Sundqvist 2002a) 

 

As summarized by Sundqvist (2002a), based on his review of earlier studies there are 
in practice a few ways to approach the externalities when setting a value. First of all 
one have to decide between an abatement cost approach and a damage cost approach. 
(Sundqvist2002a). 
 

3.2.2 Abatement cost approach  

The basic idea of the abatement cost approach is to estimate how much it would cost to 

avoid the damage. So that if legislation sets the maximum amount of emissions at a certain 

level the abatement cost would be the cost that is required to set the emissions to the requi-

red level. The idea behind this approach is that legislators are assumed to legislate in ac-

cordance with public opinion and requirement. Conversely a criticism of the approach is 

that it is built on the assumption that legislators make optimal decisions and that they know 

the full abatement and damage costs.  (Sundqvist 2002a) 

 

3.2.3 Damage cost approach  

The thought behind the damage cost approach is to measure the total economic damage 

that the externalities cause. Further this approach can be divided into two categories, a top-

down and a bottom-up approach. A top-down approach is often used at a national level and 

is presented by EC (1995) as first estimating total damage for an area, often a nation, then 

through detailed research on different pollutants the share of the damage is estimated for 

different activities and when connecting that estimation with an estimation of total amount 

of pollutants one can calculate a estimated damage per unit of pollutant from activity. Main 

criticism of the top-down approach involves the notion that it cannot take into account site 

specificity, which is also backed up by ExternE (EC, 2005) where the spread of pollutants 
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from a plant is presented as reaching far further than the boarders of certainly any Europe-

an country. Also the top-down approach fails to recognize the different stages of the fuel 

cycle. Clarke (1996) notes that the approach is derivative as it is so dependent on earlier 

estimations.  

 

The bottom-up approach makes use of  “technology-specific data, combined with dispersi-

on models, information on receptors and dose-response functions to calculate the impacts 

of specific externalities”. The damage is traced, quantified and monetized with the help of 

damage functions/impact pathways. (Sundqvist 2002a) 

 

Criticism of the bottom-up approach includes that only some impacts tends to be included, 

which means that potentially significant damage contributors are left outside. Reason be-

hind this is a tendency to favor assessing areas where data is available. (e.g. EC 2005) 

 
While the bottom-up approach is criticized for not being transparent enough it is the met-

hod that appears to be the favored method this is perhaps due to the fact that it is more in 

line with economic theory as it focuses on explicit estimates of economic welfare rather 

than implicit estimates that the abatement cost approach does. 

 
As opposed to the abatement cost and the top-down the bottom-up approach does not give 

a direct monetary estimate of the damage associated with an impact but rather it needs to 

change the “identified and physically quantified impacts into monetary terms. Usually 

when this is done on a general scale market prices are used, however for external costs that 

are per definition outside of the market there rarely are comparable market prices so valu-

ations need to “rely on impact valuation methods”. These methods can further be divided 

into direct and indirect methods.  (Sundqvist 2002a) 

 

 

3.2.4 Direct methods 

When using direct methods, the idea is to simulate a market. This can be done with a ques-

tionnaire asking about preference, which all in all is a survey asking about willingness to 

pay. There are two basic ways of doing this. Either ask for the willingness-to-pay (WTP) 

or the willingness-to-accept (WTA) with the latter being a willingness to accept to pay a 

certain sum while WTP is about asking "how much are you ready to pay for something to 

not happen". (Sundqvist, 2002b) 

  

The difference between WTA and WTP has been widely researched and discussed. Gene-

rally WTA tends to be higher than WTP (Sundqvist 2002b)  and there are several studies 

on the reasoning behind this (Krewitt 2002). However WTP is usually seen as the preferred 

method of the two, this is due to WTA creating an incentive problem, as it is not constrai-

ned by income (e.g., Arrow et al., 1993). In ExternE (EC 2005) the use of WTP has been 

argued for. 

 

3.2.5 Indirect valuation  

Indirect valuation methods can’t assess non-use values like the direct method but are based 

on actual behavior by individuals. This can be done if the externality can be observed in 
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some other market, related to the market where the externality is created. The external cost 

is then valued as a relationship between the externality and some other good. (Sundqvist) 

 
Generally we can conclude that both damage-cost and abatement-cost approach has their 

applications. An understanding of both can help to assess whether a technical adaptation is 

a good option or if it perhaps is easier to deal with the damages afterwards. 

 

When looking at the results two categories stand out as the main contributors to the total 

external costs, environmental effects and health effects. This conclusion is made by e.g. 

Pearce (2001and by looking at the results from ExternE (EC 2005) we can make the same 

conclusion. ECOFYS 

 

  

3.2.6 Benefit transfers  

Cannot be categorized as any of the methods mentioned above but is also a method used. 

When using benefit transfer as a method one study uses the results of earlier studies and 

adjusts them for their own purpose. Benefit transfers can be used if collecting new data is 

seen as too expensive or not an option due to lack of time. Both benefits and problems with 

this approach has been discussed but one important point is that the data used with the ben-

efit transfer method can never be more accurate or specific than in the original study. 

(Sundqvist 2002a) 

 

Generally, the choice of method is down to what is being studied, partly as in what best 

answers the question and partly what data is available. As one form of energy production 

can have very different externalities to another it might be necessary to adopt different val-

uation methods within one study. This can of course create a problem if different methods 

tend to lead to different types of results.  

  

3.3 Main electricity externality categories 
 

Sundqvist (2002a) includes a review on the results of several electricity externality studies 

and from the results we can see that particularly two categories stand out, the environmen-

tal and health effects. Newer studies such as ExternE (2005) and Ecofys (2014) On top of 

those I will also touch upon a third category, which is disaster aversion, due to it's uncer-

tainties and the fact that a significant part of Finlands electricity production is based on 

nuclear power.  

  

3.3.1 Disaster aversion  

Another category that is relevant within externalities is disaster aversion. Mostly this 

would be relevant for nuclear power but also other forms of production has disastrous 

worst-case scenarios. According to Pearce (2001) when dealing with disaster aversion in 

life cycle studies the usual way is to estimate accident rates and then value the accident 

using VOSL (value of statistical life, explained under health effects).  

  
Many studies on external costs choose not to take disaster aversion into account. This is 

mostly due to the fact that we still know very little about how the willingness to pay for 



18 

 

disaster aversion corresponds to the actual risk. In fact Pearce (2001) state, “there is an 

urgent need to test disaster aversion”. As it, “could have a substantial effect on externality 

adders” (Pearce 2001). 

  
Externalities from normal operation of a nuclear plant aren't different to other electricity 

externalities but the possible externalities in a case of a nuclear disaster are. Rabl, Rabl 

(2013) has concluded that the externalities of nuclear power are lower than for alternatives 

but uncertainty ranges overlap and in an attempt to estimate the externalities of a nuclear 

disaster they counted risk_of_accident*cost_of_accident with the risk of accident as 

1/25years (based on Fukushima and Tjernobyl). This however means that for a specific 

plant the externality is never correct. In fact most countries could not even expect this to be 

true on average over a foreseeable time. And for a specific plant the externality would al-

ways be wrong as there either is or isn't a disaster. This is the same for all disaster aversion 

calculations and isn't restricted to only nuclear plants. 

 
Another problem when calculating externalities for potential disasters this way is that there 

is a "discrepancy in the social acceptability of the risk and the average monetary value re-

quired for paying compensation to each individual affected by the accident" (Eeckhoudt 

et.al 2000). So basically it seems that it is difficult to understand the implications of a pos-

sible disaster. This also implies that we are incapable of putting a value on how to avoid 

that disaster. And all in all, from the perspective of this thesis, creates uncertainty over how 

much results can be used. 

 
Ecofys (2014a) concludes that disaster aversion is mainly relevant for nuclear power even 

though disasters can occur also with other forms of electricity production and the report in 

which they review the scarce literature on the subject they estimate that a nuclear disaster 

would cost between 0,5 and 4,0 €/MWh. These are however only the direct costs on top of 

which there would in reality be indirect "externalities such as damage to a countries reputa-

tion and longer term costs such as increased cancer rates which further complicate nuclear 

accident cost estimates" (Ecofys 2014a) 

 

3.4 Health effects  
 

When valuing health effects studies on external cost tend to try to valuate human lives. The 

method has slightly varied but at least the following has occurred: VOSL and VOLY, 

which stands for value-of-statistical-life and value-of-life-years (Sundqvist, 2002a) 

  

Criticism against this technique focuses on the fact that when defined this way a life will 

be more valuable in richer countries than in poorer this of course is troubling when esti-

mating the value of externalities that reach several nations.  

 

One can of course question whether it is at all sensible to try to put a monetary value on 

human lives or the environment. But when saying that, one has to understand that the 

whole idea of estimating external costs is to put a monetary value on the damage. This is so 

that all options could be compared in an as equal way as possible. However it can also be 

useful to remember that a large part of defining external costs is to put a monetary value on 

things we don’t necessarily consider to have a monetary value (as in they are things that 

cannot be bought).  
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3.5 Climate change 
 

It appears that the damages from emissions, particularly CO2 emissions will account for a 

large part of all damages. This conclusion can be made from several studies (e.g. Sundqvist 

2002b, Ecofys 2014a). But at the same time the valuation of these are extremely difficult 

due to the fact that first of all the damages are very difficult to estimate and second of all 

the value of these damages are also very difficult to estimate. 

  

Also when economic valuation is about determining peoples preference it will become 

very difficult to put a price on global warming as the general understanding of the pheno-

mena and what it will lead to is bound to be very varied and most likely generally unin-

formed. This has at least partly to do with the fact that the effects of global warming are 

likely to play out so long in the future that it is difficult to imagine what they will be like 

and what humans can do if they occur. 

 

The Stern review (2006) points out that climate change differs from most other externa-

lities in a few ways. 

 Causes and consequences are global and therefore rather than a specific client, the 

effects will concern everyone. 

 The consequences are long-term 

 " Uncertainties and risks in the economic impacts are pervasive" 

 The effects of climate change might be irreversible 

 

Furthermore the Stern review (Stern et.al. 2006) points out that when it comes to valuing 

climate change traditional externality valuation methods stand as a good starting point but 

cannot be considered to be good enough as they mainly focus on covering smaller changes. 
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4 Problems in defining and valuing externalities 
 

When estimating the value of externalities one cannot escape the underlying problem that 

the task is to set a value on something that per definition does not have a value. Therefore, 

regardless of how we choose to do it, we can only come up with a corresponding value. As 

summarized by Sundqvist (2002a) there are three main ways to do this: Abatement cost 

method or damage cost method that can be done bottom-up or top-down. These methods 

could be explained as what would it cost not to do this damage, what would it cost to clean 

up this damage, what is the value of the damage done. 

 

As seen in previous chapters there are difficult questions faced when trying to estimate the 

value of externalities. The problems faced are generally a link between how do we define 

externalities and what do we want to use the results for. For example in case of climate 

change the value will vary greatly depending on if we choose to ask the question, what 

would it cost to undo this damage or what would it cost to stop creating this damage. In 

theory both questions are important but even though they refer to the same externality the 

reality of what the questions implicate are very different. Naturally each method has it's 

pros and cons  

 

A problem when valuing externalities is that many externalities related to production of 

electricity is in the future. How does one put a value on climate change when we don't 

know how it will unfold and how it will impact human lives. 

 

ExternE (2005a) states that in some cases the method chosen is the one with the best data 

available. In other words this means that due to complex methods of calculation some met-

hods just are not ready to be used. This can lead to a situation where a researcher has to 

decide between a preferred method or a smaller level of uncertainty in results. 

 

Also worth pointing out is that economic values are dependent on context and in this case 

specific for each power plant. So when comparing external costs and basing policy decisi-

ons on them we first use hypothetical situations and assume a wider meaning than we in 

some cases maybe should. So while the environmental and health related damage might be 

the same between two places (which they rarely are), the economic value of the damage 

can per definition not automatically be assumed to be the same. But when saying that we 

should also point out that Krewitt (2002) noted that the methodology used in ExternE was 

widely accepted and seen as well reasoned. So while the value cannot be assumed to be the 

same, it can often be assumed to be more or less the same. 

 

When reviewing several externality studies from two decades Sundqvist (2002a) noted that 

there are three main questions that every study has to decide on 

1. What constitutes an externality 

2. What is the relevant scope of analysis 

3. What are the relevant parameter input assumptions 

 

The first question, what constitutes an externality is in theory easy but when it comes to 

practice. Accordind to Sundqvist (2004) the first question is whether resource depletion is 

to be classified as an externality or not. On one hand, when we use a non-renewable re-

source the amount available left will be smaller and eventually end. But on the other hand 

we can also assume that the availability will be reflected in the price, this goes in line with 
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the Hotelling rule (Hotelling 1931) but rather than increase in price most energy resources 

have over time fallen in price due to exploration, technological advancements and material 

substitution. (Sundqvist 2002a) 

 

Another aspect related to the first question is the question of emloyment benefits. A new 

power plant might have negative externalities due to it's operations but could the fact that it 

employs workers and thus create wellfare be considered a positive externality? Sundqvist 

(2002a) refers to Bohi (1993, page 14) when pointing out that to create an externality in the 

labor market the labor market in itself has to function poorly so that workers need to be 

immobile. (Sundqvist) 

 

A third aspect is whether we should credit one form of production for the reduced externa-

lities that another form created before this new form replaced it. Refering to Lee (1997) 

Sundqvist (2004) notes that this easily creates double effects as the externality is first coun-

ted once and then as a positive externality another time making the externality free option 

look better in comparison than it actually is. 

 

The second question, what is the relevant scope of analysis, means in all it simplicity to 

decide which side effect we decide to take into account and which we don't (Sundqvist 

2004).  

 

 

 

4.1 Can the results be used 
 

As written earlier, Pearce (2001) listed the reasons behind studying externalities as fol-

lows: 

1. To guide investment decisions. Particularly when public owned or partly pub-
lic owned all social costs should be taken into account. 

2. To estimate environmental taxes 

3. To modify national accounts. The idea is to replace GDP with a measure that 
accounts for the depreciation of natural resources. 

4. To raise awareness of different impacts 

5. Create a priority setting for environmental policy. The idea is to create some 
kind of cost-benefit principle that activities with lower social costs are priori-
tized ahead of activities with higher social costs  

 

The list is very much written about externality studies generally and largely covers the rea-

soning behind an interest in externalities. Which leads us to the question whether this actu-

ally is possible. When reviewing the ExternE project Krewitt (2002) noted that to accept 

externality calculations we need to make assumptions that need to be widely accepted for 

policy making to be able to build upon. Also large parts of externalities can only be felt in 

the future which makes them very difficult to put a value on (Krewitt 2002). So can our 

externality studies be used to an extent where policy-making is completely based upon 

them, no. But externality calculations can be used in policy-making and to help quantify 

environmental impacts, which Krewitt (2002) notes that indeed has happened.  
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Again it seems appropriate to point out that the externalities do by definition not have a 

value so whatever value we decide to give them is a corresponding value based on how we 

choose to look at the phenomena. There isn’t a definite answer to whether it is better to 

value the damage or the potential cost of not causing the damage. Both cases have their 

application and as the question reveals, the value for them should not even be expected to 

be equal. In ExternE (EC 2005a) and other studies before that there isn't one chosen met-

hod for all but rather so that methodology is chosen separately for each case. Reasons for 

this are mainly two: first of all the method that is appropriate in one case might not be ap-

propriate in another case and secondly as ExternE (EC 2005a) points out, there isn't always 

sufficient data available so the method is chosen based on what we can calculate rather 

than what we want to calculate. 

 

Whether externality calculations can be used is really a question of what you want to use 

them for. It is essential to understand that the value in itself doesn't exist and whatever va-

lue we give the externalities is only a value given from a certain perspective. But, clearly, 

if this is understood we can use externalities to understand the options given to us. The 

difficulty in choosing methodology means that even within one study it can be difficult to 

compare the results for one type of production to another. Different methodology means 

different question but sometimes the same question for everybody isn't appropriate. 

 

Abatement cost can be used for understanding how much it would cost to get rid of side 

effects and therefore help to create a priority setting in terms of where do we get most va-

lue for our money. Using an abatement cost approach does however not answer the questi-

on of where the largest damages comes from. So if the aim is to set up a taxation-system 

where the idea is to pay for your damage it would seem weird to set up the system based 

on abatement cost calculations. 

 

But perhaps more importantly, certainly for policy making, the results tend to point in the 

same direction in terms of which form of production has the biggest externalities. This can 

be seen in Figure 2 and newer results from ExternE  (EC 2005a) and Ecofys (2014a) also 

point in the same general direction. And this, of course, is knowledge that can be of use for 

policy making. Because whether the externality is a value on the damage or an estimate on 

what it would cost not to do this damage the knowledge does give us an idea on where we 

need act. 

 

So all in all if comparing to the list amde up by Pearce (2001) our knowledge on externa-

lities today could be said to be enough to guide investment decisions, to raise awareness on 

different impacts and to create a priority setting for environmental policies but probably 

not to estimate environmental taxes or to modify national accounts. Rossi (2011) agrees, 

when commenting on the CASES project (Cost Assessment of Sustainable Energy Sys-

tems) he notes that much more complete data is likely to be needed for policymakers to 

truly assess which way to legislate but that the data in itself should be of great interest and 

provide a good foundation for future discussions. 
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5 Compensating for externalities 
 

To have any practical use of our attempts to valuate externalities our calculations have to 

be used to set the right price for a commodity. This means that if the previous chapters in 

this thesis have been about how to calculate external costs so that we know the social cost; 

this chapter is about methods to make the external costs parts of the private costs. While 

the following methods mentioned are all different many countries will in fact have in place 

a combination of them. There are restrictions on legislations such as concerning double 

taxation but other than that a combination of different regulative methods can be a good 

way to achieve the best overall result.  

 

This is at least because 

 It is difficult to create an exact formula for how to calculate the compensation. Just 

as it is difficult to create an exact formula for estimating externalities. In a state of 

justice any jurisdiction would have to be in place beforehand meaning that it would 

also have to take into account changing conditions and uncertainties about the futu-

re. 

 An important part of legislation is that it should be reliable, open and decided befo-

rehand. So the calculations for compensation have to be available before and prefe-

rably not continuously change, while the value of the externality can depend on fac-

tors that aren't available until later. Particularly in a case of electricity externalities 

where the life-cycle of a plant can stretch over several decades any investment will 

want to be able to rely on long-term policy making. 

 No method of compensating will at all times correspond to our externality value, 

particularly taking into account the above mentioned about the need to know about 

how the compensation will be calculated before the action has taken place. 

 There can exist mitigating circumstances for externalities. For example when we 

expect electricity to be available at all times we also have to accept that our produc-

tion system will have to include several different forms of production of which so-

me will involve bigger externalities than other 

 

And last but not least 

 Particularly concerning climate change the uncertainties in externality estimations 

are big. However to have better estimations we would have to wait on more know-

ledge which isn't a reason to act already as it by then could be too late to do anyt-

hing, 

 Policy-making is in the end about more than just economics. While knowing the 

economical implications of a decision can be seen as important it is not everything. 

Partly because there are other values to take into account, which might affect the 

direction the policy-makers want to direct the market towards. But also because in a 

democracy the policy-makers are supposed to represent those who have elected 

them taking into the decision making arguments that can be seen as relevant to so-

ciety as a whole. This can for example be related to national safety, risk aversion, 

unwillingness to being dependent on imported fuel or a will to save and cherish a 

specific part of the country. 
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In this chapter we will look at some of the more common ways to intervene with an elect-

ricity market by either granting financial support or requiring financial compensation. 

There are of course other ways of creating policies that interfere with the electricity market 

such as a complete ban or ban on building facilities in certain locations but as these are 

difficult to in any way compare to externalities they will not be dealt with in this thesis. 

 

 

5.1 Pigovian taxes 
The Economist Arthur Pigou suggested that to compensate for externalities there should be 

taxes sized so that they match the damage. These kinds of taxes are generally called Pigo-

vian taxes and environmental taxes are generally based on this idea. The difficulty with 

Pigovian taxes is how to set the right rate, which naturally is connected to how we valuate 

externalities.  

 

Generally, taxes can be directed in different ways. In the case of electricity taxes can be 

collected both from the customer or the producer. Or if production is fuel driven, the buyer 

(producer of electricity) and seller of the fuel can be taxed.  

 

In practice taxes on energy are as YM (2013) state, easy to raise, as demand isn't elastic. 

Meaning that taxes on energy are easy to raise to be able to reach other political goals. This 

points to that the level of the taxes do not necessarily have anything to do with externa-

lities. Environmental taxes are often used as examples of Pigovian taxes but in the case of 

taxes of energy it is particularly worth pointing out that the level of the tax is unlikely to be 

designed to match the social cost. This can be due to political ambitions elsewhere (raising 

money in one place to finance something else) or to favour one way of production, where 

the favoritism can be based on any political reasoning including or excluding externalities. 

However environmental thinking in itself puts a value on the environment and does there-

fore at last partly admit the existence of externalities but to say that environmental taxes 

today are designed to compensate for externalities is probably not true. At the same time 

we should acknowledge the fact that externalities are economically values on side effects 

so environmental externalities are only an economical way to look at environmental im-

pacts. And if we assume that the environment has a value that can be estimated in moneta-

ry terms then that value should be higher the larger the impact is. 

 

As mentioned when defining what an externality is both Baumol and Oates (1988) and 

Pearce (2001) noted that for a side effect to be classed as an externality it has to be uncom-

pensated. In relation to this a Pigovian tax would mean that the externality would no longer 

be classed as an externality. This is however something that 

 

5.2 Tariffs 
If policy-makers want to direct production away from a certain form of production one 

way to do so is to make producers pay for using that form of production. This is called 

tariffs and can be based on the amount produced or as an annual fee can also be used as an 

extra payment if production and consumption are far away from each other, setting extra 

demands on the grid. 
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5.3 Subsidies 
Subsidies can be seen as more or less the opposite of tariffs so that instead of paying to be 

allowed to produce or sell you get paid extra. Subsidies can exist in several forms for 

example as a 

 

 support per amount of energy produced, €/kWh, so that it isn't dependent on the 

price 

 Guaranteeing a certain price. So that if market is below the guarantee price state 

will have to pay the difference 

 Support for investment. Can be paid out for different reasons. 

o New technology 

o High investment costs but favored technology 

o Other political reasons such as encouraging investments based on location  

 

5.4 Emissions market 
Another way to regulate externalities is to set up an emissions market. The basic idea is 

that anyone who wants to release emissions needs to buy the right to do so, paying for the 

amount needed. In practice an emissions market sets a cap on the amount of emissions and 

then sells the right to release a certain amount. The price on emissions has therefore noth-

ing in itself to do with the valuation of externalities and can therefore not either be seen as 

a pigovian tax for a specific emission. 

 

What the emissions market does is that it gives the market an opportunity to decide who 

can create the most value from releasing emissions, or the most efficient use of the availa-

ble emission rights. Assuming that the amount of maximum emissions is at the correct lev-

el it is a way of trying to reach maximum value under constraints that an open market have 

proven unable to take into account. Alternatively an emissions market is a way seeing 

emissions as a commodity that, like any commodity, only exists up to a certain amount. 

 

Problems with emissions market are for example that every type of emission requires it's 

own market. It does not cover all side effects but rather only those that are related to the 

emissions covered by the market. 
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6 Production of electricity in Finland 
 
When studying the electricity produced in Finland one has to take into account that 
Finland is a part of the Nordic electricity market. This means that electricity bought in 
Finland can be produced elsewhere. Also the net demand of electricity exceeds on a 
yearly basis the net supply in Finland. This means that while also exporting, Finland is 
a net importer of energy so charts on production does not equal a chart on demand 
for the same time period. 
 

The uses of different energy sources are Figure 3 and Figure 4. From the charts one 
can see that the amount of nuclear energy produced is almost the same every year 
while there are significant variations for condensing power and hydropower. This is 
because every form of production comes with its technical boundaries as well as eco-
nomical implications. So while nuclear power has relatively low running costs and 
low environmental impact, turning the process on and off isn’t a fast and easy task 
and therefore it makes sense to have it always producing. Wind power is naturally 
limited by the weather as can hydropower also be as the supply of water is dependent 
on the amount of rain. Condensing power is used when needed, as the environmental 
impacts are higher than the alternatives and the process is relatively easy to start and 
stop when needed. 
 

 
Figure 3 Electricity generation by energy source in Finland 2016 (OSF 2016a) 
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Figure 4 Electricity generation by production mode in Finland 2000-2016 (OSF 2016b) 

 
 
The production of electricity in Finland is naturally closely linked to consumption of 
electricity. While use of electricity anywhere will in a regular pattern depending on 
time of day and whether it is a working day or weekend in Finland the consumption is 
also dependent on time of year. The difference in the climate between summer and 
winter leads to differences in the need for electricity, which means that there is a 
need for production capacity that isn't needed for long periods. 
 
It is worth noticing that when studying energy consumption in Finland a significant 
part of the demand is not for electricity but for heat. Also part of the electricity pro-
duction is produced in co-production plants that produce both heat and electricity. 
These plants are naturally used more during winter months than summer months. 
There are also different ways to heat a house as district heating systems exist mainly 
in more densely populated areas meaning that some of the electricity produced will 
be used for heating which partly explains why more electricity is needed during cold-
er times of the year. 
 
As it impacts this thesis it is worth pointing out that the energy sector in Finland is 
changing. And as thorough externality studies require a lot of work and are thus not 
made very often the data used and referred to here can sometimes be far older than 
the data on production of electricity. 
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7 Externalities in Finland 
 

In this chapter we will look at what different studies on electricity externalities have esti-

mated for Finland. The most recent one is Ecofys (2014b) but relevant is also ExternE and 

both can be compared to results in earlier studies as well as we can compare the results for 

Finland to results for other countries. 

 

As externality calculations are complicated and require a lot of work thorough are seldom 

made. One of the latest was is the Ecofys report made for the European commission. In the 

report the electricity related externalities for Finland was calculated as 1,47 billion € (coun-

ted with the euro as it was worth in 2012). The results as a whole can be seen in table 

 
Table 1 Electricity externalities for Finland. (ECOFYS 2014b) 

Clima-
te 
change 
(billion 
€2012/
𝑎) 

Depleti-
on of 
energy 
resour-
ces (billi-
on 
€2012/𝑎) 

Particulate 
matter for-
mation (bil-
lion 
€2012/𝑎) 

Human 
toxicity 
(billion 
€2012/
𝑎) 

Agricultural 
land occu-
pation (bil-
lion 
€2012/𝑎) 

Other 
(billi-
on 
€2012/
𝑎) 

Total 
(billion 
€2012/
𝑎) 

€2012  
per 
MWh 

0,63 0,47 0,14 0,14 0,02 0,07 1,47 21,4 
 

As seen in the table externalities related to climate change are estimated to count for more 

then a third of all electricity externalities. In the same report ecofys has also estimated ex-

ternalities for heat production as 1,32 billion € in total or 17,1 €/MWh shared largely in the 

same way between the different categories as the electricity externalities. (ECOFYS 

2014b) 

 

These results could be interpreted as that the most important question for legislation would 

be to first adress climate change and second to adress the question of what to do about the 

depletion of energy resources. Both are questions of great importance that determine how 

we can exist in the future. 

 

The results of electricity externality calculated as per form of production isn't available per 

country but only as EU-wide and reads as follows in Table 2. 
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Table 2 Externality per technology and category in Europe. Unit it €/a if not else mentioned. (Ecofys 

2014b) 

 
 

As seen in the table when it comes to the specific technologies the results follows the same 

pattern as earlier studies as in that the largest externalities comes from coal and oil follo-

wed by natural gas. Note that in terms of nuclear energy the estimate does not include any 

value for disaster aversion. (Ecofys 2014b) 

 

From the Table 2 we can see that if the annual climate change externalities related to coal 

are 18,44 and the total annual externalities are 41,99 then of all coal related externalities, 

climate change stand for 43,92%. When using that same amount to we can calculate that 

the climate change externalities for coal are 41,85 €/MWh. Similarly for gas, climate chan-

ge stand for 63,81% of all externalities which means 21,89 €/MWh. 

 

ExternE (2005) decided to look at coal, peat and wood derived biomass which at the time 

stood for about 40% of the electricity produced in Finland. As the study was meant to fo-

cus on the options available at the time the chosen plants were assumed to represent the 

kinds of plants that could be built in the somewhat near future. When it came to climate 

change ExternE presented different options: high, mid and low. (ExternE 2005b) 

 

For coal the results can be seen in Figure 5. We can see that the two categories that stand 

out are climate change and human health. With climate change being estimated between 

3,3 mECU/kWh and 120 mECU/kWh (ExternE 2005b). As seen from the numbers the gap 

between the highest and the lowest estimation is quite big, which tells us about the uncer-

tainties related to the calculations. ECU stands for European Currency Unit which was 

later replaced by the Euro where 1 ECU = 1 €. 
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Figure 5 Externality per impact category for coal (ExternE 2005b) 

 

The results for peat can be seen in Figure 6 and they show a similar numbers to those of 

coal. The estimation for climate change varies between 3,6 mECU/kWh to 130 

mECU/kWh The sacond significant category, human health, is for peat estimated to 4,9 

mECU/kWh which is sligthly higher than for coal. (ExternE 2005b) 

 

 
Figure 6 Externality per impact category for peat (ExternE 2005b) 

 

The third technology that ExternE (2005b) studied in Finland was wood derived biomass, 

the results of which can be found in Figure 7 
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Figure 7 Externality per impact category for biomass (ExternE 2005b) 

 

While the exact labelling of the categories can differ from one study to another the general 

putlook of the result remain the same. 
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8 Compensation for electricity externalities in Finland 
In this chapter we will look at first what structures are in place to support and tax producti-

on of electricity. The structures in themselves might not be in place to deal with externa-

lities but the idea of the thesis remains to see if the policies in place compares to our best 

valuation of externalities and I will therefore continue to talk about compensating for ex-

ternalities. We will start by looking at what structures are in place right now and continue 

with what this means in terms of money. 

 

Before looking at the structures in place in Finland it is worth mentioning that as Finland 

isn't self-supplying in terms of energy both electricity produced in other countries and 

electricity produced with raw material from other countries feature in the Finnish electrici-

ty market. This means that some of the electricity used can have received support or been 

on the end of tariffs in another country. So just as policy-makers in Finland can create po-

licies to guide the electricity market, so can policy-makers in other countries. There are of 

course rules related to trade deals, not least within the European Union, that regulates how 

much regulation one country can do but it is still worth noticing that not all policies con-

cerning the Finnish electricity market are necessarily decided upon in Finland or even to-

gether with Finnish policy-makers. 

 

Also worth mentioning is that also the customer can be compensated. For example energy 

intensive industry can apply for lower electricity taxes. This makes a comparison of subsi-

dies slightly more difficult as it isn't tied to a certain way of production but still should 

have an effect on both price and production. 

 

As discussed earlier calculating the external costs for nuclear energy is difficult as a large 

part of it is related to disaster aversion Disasters rarely happen which makes quantifying 

the risk of a disaster difficult. (Ecofys 2014) 

 

Nuclear disasters are rare so a Pigovian tax seems unsuitable. Rather than a pigovian tax 

we are in fact talking about some sort of insurance. In practice, in case of a disaster, costs 

would have to be dealt with by the state rather than a private insurance company so the 

insurance fee would have to some sort of tax or tariff.  

 

8.1 Compensating structures in place right now 
 

Currently Finland has a mix of different structures in place to interfere with the electricity 

market. In this part of the chapter we will look at the policy instruments in use. 

 

8.1.1 Energy tax 

The energy taxation in Finland is specified in law 30.12.1996/1260 ”Laki sähkön ja eräi-

den poltto- aineiden valmisteverosta”. The tax consists of three parts of which one is a tax 

specifically for CO2 emissions (Finlex 30.12.1996/1260). Further the specific amounts are 

defined in  

http://www.finlex.fi/fi/laki/alkup/2016/20161177 

For coal and from coal produced non-liquid fuels the 𝐶𝑂2 part of the tax has been defined 

as 139,91 €/ton of fuel with the total energy tax being 191,02 €/ton 

(http://www.finlex.fi/fi/laki/alkup/2016/20161177).  
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For natural gas the 𝐶𝑂2 part of the tax has been defined as 11,48 €/MWh with the total 

energy tax being18,614 €/MWh (http://www.finlex.fi/fi/laki/alkup/2016/20161177). 

 

Peat does not have a tax connected to emissions or how energyintense the fuel is but a tax 

based on the amount of energy produced. That tax is 1,90 €/MWh 

(https://www.vero.fi/yritykset-ja-yhteisot/tietoa-

yritysverotukses-

ta/valmisteverotus/valmisteverolajit/sahko_ja_eraat_polttoaineet/sahkon_ja_eraiden_poltto

aineiden_verota/) 

 

Biomass and other renewable energy sources does not pay energy tax. 

 

In a report on environmentally harmful subsidies written in 2013 the Finnish Ministry of 

the Environment specifically mentions that when setting taxes on the energy sector the 

taxes are supposed to cover the externalities related to the taxed action. 

 

This can be interpreted as that the taxes should try to match the externality or that the tax 

should at least cover the externality and possibly exceed that value. It is however an admis-

sion from an official government lead instance that externalities are relevant to look at 

when defining taxes. 

 

 

 

8.1.2 "Investointituki, energiatuki" (support for investment...?) 

Fundamentally, as the name suggests, investment support can be granted for new invest-

ments. There are specific structures in place for larger investments and smaller investments 

and also specifically for investments in renewable energy. The support for energy invest-

ment does not in structure see a difference between heat and electricity. (TEM and Finlex 

27.12.2012/1063 ). 

 

The law (Finlex) specifically mentions renewable sources as receivers of support for in-

vestment and while it would be interesting to look at what facilities have been granted sup-

port and how do those facilities relate to externalities that is not a part of this thesis. 

 

8.1.3 Support for production from renewable sources 

(30.12.2010/1396 ”Laki uusiu- tuvilla energialähteillä tuetetun sähkön tuotantotuesta) The 

Finnish law for supporting production of electricity from renewable sources is built around 

a guaranteed price. This concerns wind power and some biofuels. For all cases but wood 

chips there is a maximum level of support paid out so that when the market has reached a 

certain production capacity no new plants are granted support. The guaranteed price to be 

paid is 83,50€/MWh. (Finlex 30.12.2010/1396) 

 

So in terms of how much support is paid out depends on the price at the nordic electricity 

market and how many (and how large) plants are to receive support. What effect the sup-

port paid out has is very much depending on the price of the technology. The idea with a 

guaranteed price is of course to give producers and investors a sense of security and pre-
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dictability. Whether that is transformed into investments depends largely on where the big-

gest expected return lies. 

 

LÄS http://www.finlex.fi/fi/laki/ajantasa/2010/20101396#L3 

 

8.1.4 Emissions trading 

Finland is part of the EU-wide CO2 emissions trading (Finlex 8.4.2011/311). The trading 

works so that Finland receives a national quota on allowed emissions and within Finland 

the rights to release emissions are auctioned. Notable is that this way of counting isn't spe-

cifically related to externalities. 

 

Over the years the price at the emissions market has changed quite a lot. During the past  

year the top price has been 7,92 €/t𝐶𝑂2 and the lowest price 4,29 €/t𝐶𝑂2 with the highest 

over the past 5 years being 8,65 €/t𝐶𝑂2 and the lowest 2,72 €/t𝐶𝑂2. (EEX) 

(https://www.eex.com/en/market-data/environmental-markets/spot-market/european-

emission-allowances#!/2017/11/27) Between 2009 and 2011 the price fluctuated around 15 

€/t𝐶𝑂2 (Markets Insider) 
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9 Comparing externalities to compensation 
The idea of this structure is to compare the previous two chapters with each other. This 

means that we compare the estimated externalities with the taxes paid. 

 

To be able to do this comparison we first of all need to convert the units of the energy tax 

for coal. The tax for coal was paid per amount of coal while the externalities are calculated 

as per unit of energy produced. Tilastokeskus (2017) defines an expected coefficient of 

𝐶𝑂2 emissions and for coal it is 93,3ton/TJ, there are different types of coal but the coeffi-

cient is in the same region for all types of coal. 93,3ton/TJ equals 304,7 kg/MWh. 

 

Also from the databank on Tilastokeskus we can see that the amount of coal used during 

2015 was 2571000 ton, while the amount of energy produced was 17741118MWh. The 

amount of coal, 2571 t would be taxed 191,02 €/t of which 139,91 €/t is for the emissions. 

If 2571 t of coal equals 17741118 MWh the tax per unit of energy is  

 

191 €
𝑡⁄ ∗

2571000 𝑡

17741118 𝑀𝑊ℎ
= 27,68 €/𝑀𝑊ℎ   (1) 

 

On top of that the price at the emissions market that for the past five years has been rough-

ly speaking between 3 and 8 t𝐶𝑂2 and around 2010 was about 15 t𝐶𝑂2 (see chapter 8.1.4) 

the total compensation would lie in the range of 31 t𝐶𝑂2 and 43 t𝐶𝑂2 or if the past five 

years are an indication, 31 t𝐶𝑂2 and 36 t𝐶𝑂2. 

 

Coal externalities can be summarized in  
Table 3 Externality estimations for Coal 

Ecofys (for 
Europe) 

 ExternE 
(for Fin-
land) 

    

Climate 
change 
(€/MWh) 

Total 
(€/MWh) 

Climate 
change 
low 
(€/MWh) 

Climate 
change 
high 
(€/MWh) 

Other ex-
ternalities 
(€/MWh) 

Total, low 
climate 
change 
(€/MWh) 

Total, high 
climate 
change 
(€/MWh) 

41,85 95,3 33 1200 45 77,7 1245 
 

As we know the unsecurities are big when it comes to estimating costs of climate change 

but even with the lowest estimate for coal, Table 3,  the externality is estimated to be 

higher then the energy tax. Interestingly peat , that has higher externalities than coal, but in 

similar sizes pay 1,90 €/MWh in tax so the gap between externality and compensation is 

even larger. 

 

But also worth noting is that if we choose to look mostly at the lowest externality estimates 

for coal, the tax and the price at the emissions market can be almost at the same heights if 

the price of the emissions is high within it's own historic ranges. 

 
Table 4 Externality estimates for Peat 

ExternE (for 
Finland) 

    

Climate change 
low (€/MWh) 

Climate change 
high (€/MWh) 

Other externa-
lities (€/MWh) 

Total, low cli-
mate change 

Total, high cli-
mate change 
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(€/MWh) (€/MWh) 

36 1300 54,1 90,1 1354,1 
 

 

Liquified Natural Gas (LNG) wasn't a part of ExternE but Ecofys has estimated the exter-

nalities for Europe, see Table 1. The total externalities were estimated to be 34,3 €/MWh 

with climate change externalities being 21,89 €/MWh. The tax for LNG is 11,48 €/MWh 

so if the emissions market would average a price a bit above 10 €/MWh the compensation 

would be in the same relative size as the climate change externalities. 

 

Biomass derived from wood was a part of ExternE, Table 5. There is no energy tax for 

biomass in Finland. 

 
Table 5 Externality estamates for Wood derived biomass 

ExternE (for 
Finland) 

    

Climate change 
low (€/MWh) 

Climate change 
high (€/MWh) 

Other externa-
lities (€/MWh) 

Total, low cli-
mate change 
(€/MWh) 

Total, high cli-
mate change 
(€/MWh) 

3,1 110 6,64 9,74 116,64 
 

The externalities from other renewable sources are so small that they are often assumed to 

be more or less worth zero. So all in all we have a situation where it appears that there are 

attempts to make the fossil fuels compensate for their external costs but in terms of cove-

ring the costs, the taxes and emissions market fails to reach estimated values. For LNG and 

coal the compensation is somewhat on the way but particularly for peat but to some exten-

talso for biomass there is a significant difference. If we are to make a difference between 

peat and biomass on the hand and coal and LNG on the other hand it's that peat and bio-

mass is produced domestically. 
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10 Conclusions 
 

Policy-making is about more than just externalities so we shouldn't expect legislation to 

reflect our latest knowledge on externalities. Also as concluded earlier our knowledge on 

externalities is probably still not enough to base a taxation system on. Another point is that 

when looking at the categories of externalities climate change stands out as the one we 

really should worry about. Therefore it might be wise to form legislation to really mitigate 

climate change, which isn't a completely separate issue to externalities but one that might 

require bigger actions than our valuation on externalities suggest to create an extra incenti-

ve. This isn't to neglect health effects but we should remember that climate change would 

most likely involve health effects and when calculating health effect externalities we 

should remember that the electricity produced is likely to also have positive health effects 

as it enables the lifestyle we lead today. So while electricity externalities involve health 

effects the production of the electricity in itself enables the emissions to effect our health. 

This does of course not mean that health effect calculations couldn't and shouldn't be used 

when comparing forms of production. 

 

However it is notable that externality studies, regardless of methodology, point to the same 

relative results. As in the value of the externality can change, but the order on the list of 

which production method has the smallest externalities remain largely unchanged. So whi-

le we should be careful with how we interpret the results from one specific study, some 

conclusions can be made from the fact that several studies are pointing in the same directi-

on. When comparing this to externalities it is, as Sundqvist (2002a) points out, interesting 

that the externalities related to biomass appear as much higher than other forms of rene-

wable energy. This is particularly interesting when remembering that Finland has based a 

part of it's climate strategy on a growing use of biomass.  

 

Also worth noticing is that even though our policy-making rarely mentions externalities 

and is built around several other issues as well our support system is largely built around 

guiding our production of energy towards methods with lower externalities. So largely 

policy-making is acting in a way where the general externality results are followed (whet-

her on purpose or not) to create a sort of a priority setting. 

 

We should also remember that an electricity system couldn’t be built based on only one 

form of production. Each form of production has its features and limitations and the cycli-

cal but very much changing electricity demand means that different types of production 

facilities are needed. This also means that if we want to use policy-making as a guiding 

tool to encourage market to create production facilities of a certain type our support system 

we should accept that the value of our support isn't based on the value of the externality. 

 

From an externality point of view there are two ways of constructing a support system that 

stands out.  

 We try to create the right social cost by using tariffs and taxation for each producti-

on method. A more advanced version would be to separately estimate the externa-

lity for each facility, as some externalities are location dependent. And another ver-

sion of this would be to not necessarily match taxation and externality but so that 

the variation in taxation from one form of production to another would match the 

associated externality. 
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 Or we try to create a support system that encourages creating a production system 

with the least externalities. 

 

From the comparison between externalities and compensation we could see that current 

legislation does not cover externalities to it's full ranges. As mentioned earlier, policy-

making is however about many more things than just externalities or economics so natural-

ly this should be visible in existing policies.  

 

While there are several political reasons why Finland's policies look specifically the way 

they do, there are some odd legislation in terms of externalities, regarding for example 

peat. The general idea within energy related policy-making appears to be to guide produc-

tion in a preferred way, that is a combination of mitigating climate change and other politi-

cal motivation. 
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11 Further thoughts and reflections 
 

One problem with comparing subsidies to externalities is that production in a market is 

more complex than that. From a producers perspective any decision on production will be 

taken based on expected profitability. But from a policy-making perspective there can be 

an interest to lead production to a more sustainable pathway. Policy-making has never been 

purely about economical reasoning while externalities are precisely economical. 

 

The idea of being able to base all environmental taxes on externalities seem unlikely and 

impossible. This is to do with several things of which one is the impossible task of defining 

externalities beyond all discussion. But even if we all agree that our results are good 

enough we still have to remember that in the case of electricity we have other interests than 

purely minimizing externalities, one of which is to guarantee avalability of electricity. So 

there will always be a need to take other factors into account. This is partly, but not solely, 

based on the question whether we want our environmental taxes to pay for the cleaning up 

or if we want to use them to guide consumption. These can be the same thing but someti-

mes "cleaning up" can be cheaper than not creating the damage in the first place. 

 

If we conclude that our knowledge on externalities can be helpful as long as we understand 

what the implications of the methodological choices are, the question arises whether we 

can be expected to understand this. There are generally two things that make externalities 

difficult to understand. One is a general uncertainty that exist within all estimations. But 

perhaps the more difficult part is to understand that it is by no means clear what we should 

be estimating.  The problem then becomes how results can be used if they are not directly 

comparable and if understanding how to compare them requires a high level of insight.  

 

At this point we should say that while there are still a lot of uncertainties related to externa-

lities and we know that the choice of methodology has implications on the results, perhaps 

we should conclude that as the externalities related to climate change now stand out as the 

main one, arguing over methodology for externalities with substantially inferior value 

seems, from a perspective of using the results, unnecessary. That said more research is 

needed if we want to reduce the uncertainties. However in the case of climate change, one 

wonders whether we have the time to become more certain of the exact effects. 

 

Another possible perspective on electricity externalities are positive externalities. While 

this thesis has focused on negative side effects of production of electricity there is little 

research on positive externalities. Many positive effects of electricity are theoretically a 

part of the price as the main reason for why we want electricity is that it enables a higher 

standard of life. But surely there are also unaccounted positive side effects. Should these be 

taken into consideration when estimating externalities? From a view of fulfilling economic 

theories the answer is yes. As there are both negative and positive externalities both should 

be taken into account if we are looking for a complete social cost. Reasoning against coun-

ting positive externalities can be that first of all it would be very difficult and results would 

most likely be quite inexact. Another reason could be that the main reason to count exter-

nalities is, due to their relative sizes, to gain more knowledge on how to battle health ef-
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fects and climate change. Positive externalities would neither help in this nor reach a value 

even remotely close to either. 

 

Also outside of this thesis is the question of who is affected by the electricity externalities. 

Health effects can be summarized generally but the ones effected are individuals and there 

might exist reasons to believe that the externalities for example aren't socioeconomically 

evenly distributed. 

 

After comparing policy making to externalities a follow up question could be what to do 

next, what should be changed? This brings up another dimension of the problem. In a de-

veloped country such as Finland the energy system is expected to deliver whatever amount 

of energy is needed at any time. Therefore changes in the system require thorough plan-

ning and long-term thinking. This also means that we are today living with the long-term 

thinking of yesteryears. In a report on environmentally harmful subsidies from the Finnish 

Ministry  of the Environment (Hyyrynen 2013) cites Steiner (2008) that even if it is well 

known that subsidies are larger than their gains removing subsidies can be very difficult 

due to resistance from groups that are dependent on the subsidies. And to make changes 

even more difficult YM also cites that environmentally harmful subsidies have been stu-

died so little that it is very easy to completely look past it in policy making (Beers et.al 

2009). 

 

In terms of further research  there is an obvious need to update our results. More advanced 

research methods will allow us to estimate externalities better while at the same time an 

ever changing environment with new forms of production will make our older estimations 

out of date. On top of new studies this is likely to require further discussion on our met-

hodology. 
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