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Incentives to invest

Figure 1: Global investments still favor fossil fuels.

Figure: Climate Policy Initiative.
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Introduction

• Market prices actually serve two main functions

- Short-term allocation of resources according to the lowest cost.

- Long-term signals for investments.

• We have already discussed how instruments that control
externalities affect electricity market prices

- The theoretical optimum (prices and quantities).

- We also covered distortions that e.g. subsidy schemes create.

• We still need understand how investments are made in

response to changes in the prices.
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Why investments are risky?

Figure 2: Demand and supply. Fuel cost here includes the cost of

emissions.
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Incentives to invest

Figure 3: Technologies that do not use carbon inputs are of higher

quality (economically).
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Making emissions more costly

Figure 4: Fuel cost here includes the cost of emissions.
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But prices can also decline in the future:

Figure 5: Thus, in a market equilibrium, there is a mark-up over

investment costs. The carbon cost may have to be very high before

market-based investments take place. Feed-in tariffs provide a protection

for the downside risk, so investments take place earlier.
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Private investments

• Climate policies have an impact on investments

- Traditional policy instruments (prices or quantities) tend to

encourage all investments.

- Subsidy schemes for renewables discourage investments for all

other generation.

• We should learn to evaluate the profitability of such

investments, from a corporate and social perspective.

• Two case studies

1. Nuclear power: Carbon free baseload capacity. Some countries

shutting down, others allowing more new builds.

2. Wind power: Cheapest energy source outside the solar belt.
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Total costs

• Capital costs

- Results from investment costs to a project.

- Capital from equity investors and as loans.

- Project needs to provide return against the capital given.

• Fixed costs of operating and maintenance

- Everything that does not depend on production.

- For example costs for land use, buildings, staff, insurances.

• Variable costs of operating and maintenance

- Everything that does depend on production.

- E.g. fuel costs, environmental taxes and fees, wear and tear.

- Often what we mean when we talk about marginal costs.

For nuclear and wind, capital costs clearly dominate.
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Measure for total costs: Levelized Cost of Energy, LCOE

LCOE for a given production plant is the constant (in real terms) price

for output that would equate the net present value of revenue from the

plant’s output with the net present value of the cost of production.

Formally,

N

∑
t=1

qt
LCOE

(1 + r)t
=

N

∑
t=0

Ct

(1 + r)t

⇒

LCOE =
∑N

t=0
Ct

(1+r )t

∑N
t=1

qt
(1+r )t

where Ct is the cost of production at time period t, N is the total

number of periods, r is the annual interest rate, and qt is the quantity of

production. To make sure: C0 captures the capital costs, and the cost in

later periods are the items C1,C2, ...,CN .
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Illustration LCOE of different technologies

Source: U.S. EIA. 10



Nuclear power

• From the table below, LCOE of nuclear is 70+ EUR/MWh.

• In Finland, Fennovoima is building a nuclear plant and has

declared that LCOE is going to be below 50 EUR/MWh, at

least for the first 10 years.

• Can we explain the differences?
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Externalities of nuclear power

• Important source of carbon free generation globally

- Most regions with electricity markets: no direct subsidies. UK

exception: feed-in-tariff for nuclear.

- If electricity market prices include carbon externality, then

nuclear in competition with other carbon free technologies.

• Externalities from nuclear safety and nuclear wastes

- Technological standards that vary across jurisdictions: Finland

very strict in enforcing.

- Liability rules: lax enforcing, still reliance on public funding in

case of major accidents.

- Permitting: generation sites, operating licenses, and waste

handling.

• Other concerns: impacts on the power system, supply chain of

uranium, nuclear proliferation.
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Nordic nuclear industry – ongoing restructuring
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Nuclear in the Nordics: units

Generation Announced Marginal cost

Unit Abbr. TWh/year closure EUR/MWh

Forsmark 1 F1 7.23 – 19.5

Forsmark 2 F2 8.11 – 17.6

Forsmark 3 F3 8.72 – 16.5

Oskarshamn 1 O1 2.55 2017 29.5

Oskarshamn 2 O2 4.16 2015 25.3

Oskarshamn 3 O3 9.92 – 19.1

Ringhals 1 R1 5.33 2020 26.9

Ringhals 2 R2 4.78 2019 27.3

Ringhals 3 R3 7.29 – 18.8

Ringhals 4 R4 8.18 – 18.6

Loviisa 1 L1 5.33 – NA

Loviisa 2 L2 4.78 – NA

Olkiluoto 1 OL1 7.29 – NA

Olkiluoto 2 OL2 8.18 – NA

Olkiluoto 3 OL3 12.6 – NA

Hanhikivi 1 HA1 9.5 – NA

Table 1: Nuclear plants in the Nordics. Olkiluoto 3 is under

construction. Hanhikivi 1 (Fennovoima) is in the planning phase.

Source: Liski & Vehviläinen 2018. 14



Nuclear power ownership in Finland

Nuclear power plants in Finland are owned by three companies

1. TVO owns two operating units (Olkiluoto 1 and Olkiluoto 2)

and one that is under construction (Olkiluoto3)

2. Fennovoima has been granted a positive decision-in-principle

for its unit (Fennovoima 1)

3. Fortum owns two units (Loviisa 1 and Loviisa 2)

First two are ”cooperatives”. This ownership form is the ”Finnish

model”
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Nuclear power plants in Finland

Cooperatives:

• Consortium to joint-finance large investments.

• Financing share=output share. Also, the running costs are

shared in the same proportions.

• Electricity to shareholders with cost-of-service price.

• Majority of nuclear power capacity owned by cooperatives (70

% at the moment, 77 % after OL3 and 82 % after FH1).

Industry and wholesale interests are represented.
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Illustration of ownership

 

 
 

               

               

             

               

             

                 

       

     

                

                 

               

          

                

            

             

             

     

      

 Series A Series B Series C Total 

 (OL1+OL2) (OL3) (Meri-Pori)  
EPV Energia Oy 

 
6.5 6.6 6.5 6.5 

Fortum Power and Heat Oy 26.6 25 26.6 25.8 
Karhu Voima Oy 

 
0.1 0.1 0.1 0.1 

Kemira Oyj 
 

1.9 - 1.9 1 
Oy Mankala Ab 

 
8.1 8.1 8.1 8.1 

Pohjolan Voima Oy 
 

56.8 60.2 56.8 58.5 
Total 

 
100 100 100 100 

  

                                                      
             

 

Figure 6: Source: TVO
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What explains investments in nuclear in Finland?

• Co-operatives

- Limited exposure in individual balance sheets.

- Less equity required and lower risk premiums for loans.

• Market risk

- The plant is a long-term contract.

- Willingness to pay for the contract: industry structure and the

retail commitments.

• Strategic reasons

- Capacity share competition.

• Agency problems

- Many owners municipally controlled utilities.

- Local energy companies like to be in the energy business.
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Return requirement

Cost of capital

• rE , cost of equity, rD cost of debt

• A = E +D, assets=equity+debt

• weighted average cost of capital, WACC:

WACC =
D

A
rD(1− τ) +

E

A
rE

• Where τ is the tax rate.
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Fennovoima case?

• Declared investment costs in the range of 6.5 to 7.0 billion

euro, around 10 % less than assumed by the U.S. EIA.

• Operation and maintenance costs not public: limited

possibilities for major differences.

• Reported cost of electricity is 50 EUR/MWh

- Because of the cooperative arrangement, this wouldn’t seem to

include any returns on equity.

• If we back down the capital costs they would be around 2 %

- Well-below market rates for such risky project.

- The diverse ownership may help to bring costs down.

- Media reports on subsidized loans from the Russian

government or its affiliates.
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Wind in Finland: Reducing subsidies

• Wind power has been mostly built with subsidies so far.

• Finland had a feed-in-tariff of 83.50 EUR/MWh for wind

- Paid for 12 years.

- Subsidy scheme in place in 2011–2017.

• Replaced with an auctioned premium system

- Premium is paid on top of the market price (Finnish system is

with some tweaks).

- In the first and perhaps the only auction in 2018: 1.37 TWh

accepted with a premium between 1.27–3.97 EUR/MWh.

• After 2018, we have seen market based investments, need of

future subsidies uncertain at best.
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Source: Finnish Wind Atlas, Etha Wind, Fingrid. 22



Fortum wind power

• Fortum participated to the premium auction and had a bid for

2.87 EUR/MWh accepted for the Kalax site.

• Project size 90 MW and estimated 320 GWh/a generation.

• Declared investment costs in the range of 90 million euro,

around 15 % less than assumed by the U.S. EIA.

• Operation and maintenance costs not public, but limited

possibilities for major differences.

• Fortum’s financial targets include a ROCE (Return On Capital

Employed) target of 10 %.

• Backing down, the company would expect a market price of

ca. 37 EUR/MWh.

Additional difference to the EIA: 20 years vs. 30 years lifetime.
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Investments in energy technologies

• Market prices give signals for the investments.

• Subsidies and the way in which other externalities are taken

into account can distort the investments.

• Development efforts target technologies that get rewarded on

the market place.
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