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File S1: Input parameters for plant-level LCOE calculations

This supplementary file provides detailed information about how the plant-level LCOE values (ranges
and central values) in the article for selected types of newly-built power plants in Europe and the USA
were derived. In the article, these LCOE values are depicted in Figure 2, discussed in Section 3.1.5 and
used as input for the social cost overview in Section 4.

Plant-level LCOE values are calculated for the following technologies:
e Nuclear power plants;
¢ Hard coal power plants;
e Natural gas power plants (combined-cycle gas turbine, CCGT);
¢  Onshore wind turbines;
e Offshore wind turbines;
e Solar PV power plants (utility-scale).

LCOE values for both Europe and the USA are calculated for current newly-built power plants. For
the renewable energy technologies (i.e. onshore wind, offshore wind and solar PV), plant-level LCOE
values are also calculated for power plants to be built in the year 2040, based on projections of future
capital and O&M costs found in the literature. For nuclear, coal and natural gas power plants, plant-
level LCOE values are assumed to remain constant at current values, so for these technologies no
additional calculations were made for the year 2040.

As explained in the article, a discount rate of 3% is generally used, with a sensitivity case analysis
shown for nuclear power plants using a 6% discount rate, reflecting the assumption that these plants
exhibit higher investments risks than other types of power plants (particularly renewable energy
plants) and that these additional risks can be captured by the higher discount rate.

The publicly available spreadsheet calculator from the Danish Energy Agency (https://ens.dk/en/our-
responsibilities/global-cooperation/levelized-cost-energy-calculator) was used as a tool to calculate the
plant-level LCOE values. While this calculator includes default values for the technical and economic
parameters required to calculate LCOE values for various electricity generation technologies, many of
these default values were adjusted to take up-to-date values and estimates for Europe and the USA
into account, as provided by several literature sources.

CO: costs and transmission costs are not included in the plant-level costs as defined in the article, but
are considered as external costs (CO2) and system costs (transmission costs). Therefore, these costs are
not included in this paper’s LCOE calculations. No other external or system costs are included either,
although the LCOE generator from the Danish Energy Agency allows costs for various external and
system costs to be assigned and taken into account.

While grid connection costs are included in the overnight investment costs of wind and solar PV
technologies, they are not taken into account by [1], the primary source used for the investment costs
of nuclear, hard coal and natural gas power plants. While this omission gives conventional plants a
slight advantage over renewables, this is not deemed to be significant as grid connection costs for
conventional plants are reported to make up less than 5% of investment costs [2].

For reasons of simplification it is assumed that none of the power plant technologies exhibit
reductions in conversion efficiency or any other deteriorations in technical characteristics or
operational costs over their technical lifetime. Furthermore, transport costs of fossil fuels from the
point of import or extraction to the respective power plants are not included.
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The following tables list the input values used for the key LCOE parameters and the sources of the
respective values. Tables are shown separately for Europe and the USA for the current situation and
for the year 2040. US Dollar values found in the literature are converted to Euros using a conversion
rate of 1.1 US Dollar per Euro.

The central values represent plants with typical or median costs, while the ranges are derived by
varying capital costs (all technologies), full load hours (onshore wind, offshore wind and solar PV),
fuel costs (coal and natural gas) and technical lifetime (nuclear power) within typically observed
ranges. These ranges are documented in the tables.

The tables with the relevant input parameters are grouped into the following three categories:

¢ A. Assumptions on future natural gas, hard coal and uranium price developments;
¢ B. Technology-specific assumptions for current newly-built power plants;
e C. Technology-specific assumptions for renewable energy power plants to be built in 2040.

A. Assumptions on future natural gas, hard coal and uranium price developments

Table Al: Natural gas price development assumed for low end of LCOE price range.

Year Price (in EUR/G]) Source Comment
Europe USA
2015 6.0 2.2 [3] Historic value
2020 5.9 3.4 [3] 450 Scenario
2030 8.1 4.1 [3] 450 Scenario
2040 and beyond 8.5 4.7 [3] 450 Scenario

Table A2: Natural gas price development assumed for central LCOE estimate.

Year Price (in EUR/G]) Source Comment
Europe USA
2015 6.0 2.2 [3] Historic value
2020 6.1 3.5 [3] New Policies Scenario
2030 8.9 4.7 [3] New Policies Scenario
2040 and beyond 9.9 5.9 [3] New Policies Scenario

Table A3: Natural gas price development assumed for high end of LCOE price range.

Price (in EUR/G]J)

Year Europe USA Source Comment

2015 6.0 2.2 [3] Historic value

2020 6.3 3.7 [3] Current Policies Scenario

2030 9.6 5.1 [3] Current Policies Scenario
2040 and beyond 11.2 6.8 [3] Current Policies Scenario

Table A4: Hard coal price development assumed for low end of LCOE price range.
Year Price (in EUR/G]) Source Comment
Europe USA

2015 2.0 1.8 [3] Historic value

2020 2.0 1.9 [3] 450 Scenario

2030 2.0 1.8 [3] 450 Scenario
2040 and beyond 1.8 1.7 [3] 450 Scenario
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Table A5: Hard coal price development assumed for central LCOE estimate.

Price (in EUR/G])

Year Europe USA Source Comment
2015 2.0 1.8 [3] Historic value
2020 2.2 1.9 [3] New Policies Scenario
2030 2.6 2.0 [3] New Policies Scenario
2040 and beyond 2.7 2.1 [3] New Policies Scenario
Table A6: Hard coal price development assumed for high end of LCOE price range
Year Price (in EUR/G]) Source Comment
Europe USA
2015 2.0 1.8 [3] Historic value
2020 2.3 2.0 [3] Current Policies Scenario
2030 2.8 2.1 [3] Current Policies Scenario
2040 and beyond 3.1 2.2 [3] Current Policies Scenario
Table A7: Uranium price development assumed for full LCOE range
Price (in EUR
Year rice (in EUR/G]) Source Comment
Europe USA
Entire period o4 24 1] Includes back-end fuel cycle

costs

B. Technology-specific assumptions for current newly-built power plants

Table B1: Technological and economic assumptions for current new nuclear power plants in Europe and the USA.

Parameter Unit Value Source Comment
Overnight investment cost Thousand 4000 Own assumption
(low cost estimate) €/ MW p
Overnight investment cost Thousand .
B 1,4-7
(central cost estimate) /MW 5500 Own assumption ased on [1,4-7]
Overnight investment cost Thousand .
(high cost estimate) €/MW 6500 Own assumption
Fixed O&M €/MW/a 62,545 [1] Median values from all
Variable O&M €/MWh 6.3 [1] nuclear power plants listed
Net electrical efficiency % n. a. - -
Full load hours Hours/year 7446 [1] Capacity factor of 85%
Technical lifeti
echnical It .etlme Years 60 [1] )
(low cost estimate)
Technical lifetime . Mean value of the values
. Years 50 Own assumption .
(central cost estimate) provided by [1] and [8]
T.echnical lif(.etime Years 40 8] )
(high cost estimate)
Construction time Years 7 [1] -

Table B2: Technological and economic assumptions for current new hard coal power plants in Europe.

Parameter Unit Value Source Comment
Overnight investment cost Thousand Lowest value for new hard
. 1470 [1] .
(low cost estimate) €/MW coal plants in Europe
Overnight investment cost Thousand Median value for new hard
. 2300 [1] .
(central cost estimate) €MW coal plants in Europe
Overnight investment cost Thousand Highest value for new hard
. . 2790 [1] .
(high cost estimate) €MW coal plants in Europe
Fixed O&M €/MW/a 34,221 [1] Median values from all new
Variable O&M €/MWh 3.1 [1] hard coal plants

Net electrical efficiency % 46 [1] Median value for new hard
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coal plants in Europe

Full load hours Hours/year 7446 [1] Capacity factor of 85%
Technical hf.etlme Years 40 1] )
(low cost estimate)
Construction time Years 4 [1] -

Table B3: Technological and economic assumptions for current new hard coal power plants in the USA.

Parameter Unit Value Source Comment
Overnight mvesfment cost Thousand 2270 1] )
(low cost estimate) €/ MW
Overnight investment cost Thousand
. 3310 [4] -
(central cost estimate) €/MW
Overr'ught 1nvest@ent cost Thousand 4,490 (4] )
(high cost estimate) €/ MW
Fixed O&M €/MW/a 38,273 [4]
Variable O&M €/MWh 4.2 [4]
Net electrical efficiency % 43 -
Full load hours Hours/year 7446 [1] Capacity factor of 85%
Technical lifeti
echnical Ii .etlme Years 40 1] }
(low cost estimate)
Construction time Years 4 [1] -

Table B4: Technological and economic assumptions for current new natural gas power plants (CCGT) in Europe.

Parameter Unit Value Source Comment
Overnight investment cost Thousand Lowest value for new plants
. 860 [1] .
(low cost estimate) €/ MW in Europe
Overnight investment cost Thousand Median value for new
. 890 [1] .
(central cost estimate) €/MW plants in Europe
Overnight investment cost Thousand Highest value for new
. . 1003 [1] .
(high cost estimate) €/MW plants in Europe
Fixed O&M €/MW/a 26,759 [1] Median values from all new
Variable O&M €/MWh 2.5 [1] natural gas CCGT plants
di lue f
Net electrical efficiency % 60 [1] Median Vé ue tornew
plants in Europe
Full load hours Hours/year 7446 [1] Capacity factor of 85%
Technical hf.ehme Years 30 1] )
(low cost estimate)
Construction time Years 2 [1] -

Table B5: Technological and economic assumptions for current new natural gas power plants (CCGT) in the USA.

Parameter Unit Value Source Comment
Overnight mvesfment cost Thousand 760 [1,4] )
(low cost estimate) €/ MW
Overnight investment cost Thousand 890 [1,4]
(central cost estimate) €/ MW ’
Overnight investment cost Thousand
14 1,4 -
(high cost estimate) €/ MW 50 [14]
Fixed O&M €/MW/a 10,000 [4]
Variable O&M €/MWh 3.2 [4]
Net electrical efficiency % 60 [1] -
Full load hours Hours/year 7446 [1] Capacity factor of 85%
Technical hf.ehme Years 30 1] )
(low cost estimate)
Construction time Years 2 [1] -
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Table B6: Technological and economic assumptions for current new onshore wind turbines in Europe.

Parameter Unit Value Source Comment
Overnight investment cost Thousand 1050 9]
(low cost estimate) €/MW
Overnight investment cost Thousand 1660 9]
(central cost estimate) €/ MW
Overnight investment cost Thousand . Value provided by [9] (3370)
22
(high cost estimate) €MW 00 Own assumption was adjusted downward @
Fixed O&M €/MW/a 44,545 [1] Median values from all new
Variable O&M €/MWh 0 [1] onshore wind turbines
Net electrical efficiency % n. a. -
Full load hours
(low cost estimate) Hours/year 4468 Bl i
Full load hours Hours/year 2365 [9] -
(central cost estimate)
'Full load hc.)urs Hours/year 1900 Own assumption Value proylded by [9] (1226)
(high cost estimate) was adjusted upward @
Technical hf.etlme Years 25 1] )
(low cost estimate)
Construction time Years 1 [1] -

a See footnote to Table B7.

Table B7: Technological and economic assumptions for current new onshore wind turbines in the USA.

Parameter Unit Value Source Comment
Overnight investment cost Thousand
. 1150 [9] -
(low cost estimate) €/MW
Overnight investment cost Thousand 1570 9]
(central cost estimate) €/MW
Overnight investment cost Thousand . Value provided by [9] (2560)
24 t
(high cost estimate) €MW 00 Own assumption was adjusted downward @
Fixed O&M €/MW/a 46,364 [10]
Variable O&M €/MWh 0 [10]
Net electrical efficiency % n. a. - -
Full load hours
H 44 -
(low cost estimate) ours/year 08 1
Full load h
ull load 01.11“5 Hours/year 3592 [9] -
(central cost estimate)
full load h(.)urs Hours/year 2200 Own assumption Value proylded by [9] (1927)
(high cost estimate) was adjusted upward ?
Technical hf'etlme Years 25 1] i
(low cost estimate)
Construction time Years 1 [1] -

2 Values provided by [9] were adjusted to reflect the fact that the lowest full load hours and the highest overnight
investment costs do not typically coincide at one power plant project. While the LCOE range, the overnight
investment cost range and the full load hour range of the sum of all projects identified by [9] were available to the
author, the respective individual values for each project were not. Therefore, the LCOE range provided by [9] was
used to contain the high cost values for overnight investment costs and full load hours. A respective adjustment
of the low cost values turned out to be unnecessary.
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Table B8: Technological and economic assumptions for current new offshore wind turbines in Europe.

Parameter Unit Value Source Comment
Overnight investment cost Thousand
295 11 -
(low cost estimate) €/MW 0 (1]
Overnight investment cost Thousand
44 11 -
(central cost estimate) €/MW 60 1]
Value provided by [11]
(5820) was adjusted
Overnight investment cost Thousand 5000 Own assumption downward so as to obtain a
(high cost estimate) €/MW P reasonable high cost LCOE
estimate (in line with the
one found in [11])
Fixed O&M €/MW/a 125,455 [10]
Variable O&M €/MWh 0 [10]
Net electrical efficiency % n. a. - -
Full load hPurs Hours/year 4786 Own assumption Value 'for Centra(l) cost
(low cost estimate) estimate +30%
Full load hogrs Hours/year 3682 [12] -
(central cost estimate)
Value was chosen so as to
Full load hours . obtain a reasonable high
H t
(high cost estimate) ours/year 3000 Own assumption cost LCOE estimate (in line
with the one found in [11])
Technical llfetlme Years 25 1] )
(low cost estimate)
Construction time Years 1 [1] -

Table B9: Technological and economic assumptions for current new offshore wind turbines in the USA.

Parameter Unit Value Source Comment
Overnight inves’fment cost Thousand 2820 (8] )
(low cost estimate) €/MW
Overnight investment cost Thousand
(central cost estimate) €/ MW 4400 [10] )
Value provided by [4]
(5760) was adjusted
Overnight investment cost Thousand 5000 Own assumption downward so as to obtain a
(high cost estimate) €MW P reasonable high cost LCOE
estimate (in line with the
one found in [11])
Fixed O&M €/MW/a 125,455 [10]
Variable O&M €/MWh 0 [10]
Net electrical efficiency % n. a. -
Full load h lue f 1
ull load F)urs Hours/year 4829 Own assumption Value . or central cost
(low cost estimate) estimate +30%
Full load hours Hours/year 3714 [10] -
(central cost estimate)
Value was chosen so as to
Full load hours . obtain a reasonable high
(high cost estimate) Hours/year 3000 Own assumption cost LCOE estimate (in line
with the one found in [11])
Technical lifeti
echnical l1 .etlme Years 25 1] )
(low cost estimate)
Construction time Years 1 [1] -
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Table B10: Technological and economic assumptions for current new solar PV power plants (utility-scale) in

Europe.
Parameter Unit Value Source Comment
Overnight invesfment cost Thousand 1230 (8]
(low cost estimate) €/MW
B 5 Data from the USA, but
Overnight investment cost Thousand
. 1360 [8] costs are here assumed to be
(central cost estimate) €/MW . L1
- - identical in Europe
Overnight investment cost Thousand 1590 8]
(high cost estimate) €/ MW
Fixed O&M €/MW/a 22,557 [1]
Variable O&M €/MWh 0 [1]
Net electrical efficiency % n. a. -
Full load hours Hours/year 1680 [13] -
(low cost estimate)
Full load h di lue of all val
ull loa 01.1rs Hours/year 1190 [13] Median value of all values
(central cost estimate) shown
Full load hours
(high cost estimate) Hours/year 960 [13] )
Technical hf.etlme Years 30 [13] )
(low cost estimate)
Construction time Years 1 [1] -

Table B11: Technological and economic assumptions for current new solar PV power plants (utility-scale) in the

USA.
Parameter Unit Value Source Comment
Overnight 1nves’Fment cost Thousand €/MW 1230 (8] )
(low cost estimate)
ight i t t t
Overnight investment cos Thousand €/MW 1360 [8] -
(central cost estimate)
ioht i
Overr.ug t mvest.ment cost Thousand €/MW 1590 (8] )
(high cost estimate)
Fixed O&M €/MW/a 19,818 [4]
Variable O&M €/MWh 0 [4]
Net electrical efficiency % n. a. -
Full load hours Hours/year 3066 [14] -
(low cost estimate)
Full load hours Average value for the year
H 22 1
(central cost estimate) ours/year 60 [13] 2015
Full load hours
H 1752 14 -
(high cost estimate) ours/year > [14]
Technical lifeti
echnical 11 Aetlme Years 30 [13] )
(low cost estimate)
Construction time Years 1 [1] -

C. Technology-specific assumptions for new renewable energy power plants to be built in 2040

Table C1: Technological and economic assumptions for new onshore wind turbines built in 2040 in Europe.

Parameter Unit Value Source Comment
Assumes that the lowest

Overnight investment cost Thousand 1025 Own assumbtion overnight investment costs

(low cost estimate) €/MW p will be 30% lower than

central value
Overnight investn.lent cost Thousand 1464 [16] i
(central cost estimate) €/MW
Overnight investment cost Thousand . Assumes that the highest
. . 1903 Own assumption . .
(high cost estimate) €/MW overnight investment costs
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will be 30% higher than
central value

Fixed O&M €/MW/a 37,273 [16] -
Variable O&M €/MWh 0 [16] -
Net electrical efficiency % n. a. -
Full load hours
(low cost estimate) Hours/year 4468 1 i
Full load hours Hours/year 2365 9]
(central cost estimate)
Full load h
o oa c.)urs Hours/year 1900 Own assumption -
(high cost estimate)
Technical lifeti
echnical It .etlme Years 25 [1] )
(low cost estimate)
Construction time Years 1 [1] -

Table C2: Technological and economic assumptions for new onshore wind turbines built in 2040 in the USA.

Parameter Unit Value Source Comment
Assumes that the lowest
Overnight investment cost Thousand 1025 Own assumbtion overnight investment costs
(low cost estimate) €2015/MW P will be 30% lower than
central value
Overnight investment cost Thousand
1464 1 -
(central cost estimate) €2015/MW 6 [16]
Assumes that the highest
Overnight investment cost Thousand 1903 Own assumption overnight investment costs
(high cost estimate) €2015/MW P will be 30% higher than
central value
Fixed O&M €/MW/a 37,273 [16] -
Variable O&M €/MWh 0 [16] -
Net electrical efficiency % n.a -
Full load hours
H 44 -
(low cost estimate) ours/year 08 Bl
Full load h
utloa 01.1rs Hours/year 3592 [9] -
(central cost estimate)
Full 1 h
. ullload ?urs Hours/year 2200 Own assumption -
(high cost estimate)
Technical hf'etlme Years 25 1] i
(low cost estimate)
Construction time Years 1 [1] -

Table C3: Technological and economic assumptions for new offshore wind turbines built in 2040 in Europe.

Parameter Unit Value Source Comment
Assumes that the lowest
Overnight investment cost Thousand 1973 [11] overnight investment costs
(low cost estimate) €/MW will be 30% lower than
central value
Overnight investment cost Thousand
(central cost estimate) €MW 2818 [16] i
Assumes that the highest
Overnight investment cost Thousand 3664 Own assumption overnight investment costs
(high cost estimate) €/ MW will be 30% higher than
central value
Fixed O&M €/MW/a 98,182 [16] -
Variable O&M €/MWh 0 [16] -
Net electrical efficiency % n. a. - -
Full load hours Hours/year 4786 Own assumption Value for central cost
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(low cost estimate)

estimate +30%

Full load hours

H 2 12 -
(central cost estimate) ours/year 368 [12]
Full load h
o od c.)urs Hours/year 3000 Own assumption -
(high cost estimate)
Technical lifeti
echnica 1.et1me Years 25 [1] )
(low cost estimate)
Construction time Years 1 [1] -

Table C4: Technological and economic assumptions for new offshore wind turbines built in 2040 in the USA.

Parameter Unit Value Source Comment
Assumes that the lowest
Overnight investment cost Thousand 1973 [11] overnight investment costs
(low cost estimate) €/MW will be 30% lower than the
central value
Overnight investment cost Thousand
(central cost estimate) €/MW 2818 [16] i
Assumes that the highest
Overnight investment cost Thousand 3664 Own assumption overnight investment costs
(high cost estimate) €/MW P will be 30% higher than the
central value
Fixed O&M €/MW/a 98,182 [16] -
Variable O&M €/MWh 0 [16] -
Net electrical efficiency % n. a - -
Full load hours Value for central cost
H 482 i
(low cost estimate) ours/year 829 Own assumption estimate +30%
Full load h
ull load hours Hours/year 3714 [10] -
(central cost estimate)
Full load hf)urs Hours/year 3000 Own assumption -
(high cost estimate)
Technical hf.etlme Years 25 1] i
(low cost estimate)
Construction time Years 1 [1] -

Table C5: Technological and economic assumptions for new solar PV power plants (utility-scale) built in 2040 in

Europe.
Parameter Unit Value Source Comment
Assumes that the lowest
Overnight investment cost Thousand 750 Own assumption overnight investment costs
(low cost estimate) €/MW will be 10% lower than the
central value
Overnight investment cost Thousand
. 840 [16] -
(central cost estimate) €/MW
Assumes that the highest
Overnight investment cost Thousand 920 Own assumption overnight investment costs
(high cost estimate) €/MW will be 10% higher than the
central value
Fixed O&M €/MW/a 8182 [16] -
Variable O&M €/MWh 0 [16] -
Net electrical efficiency % n. a - -
Full load h.ours Hours/year 1680 [13] -
(low cost estimate)
Full load hOl.,II'S Hours/year 1190 [13] Median value of all values
(central cost estimate) shown
Fullload hours Hours/year 960 [13] -

(high cost estimate)
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Technical lifetime

(low cost estimate)

Years 30 [13] -

Construction time Years 1 [1] -

Table C6: Technological and economic assumptions for new solar PV power plants (utility-scale) built in 2040 in

the USA.
Parameter Unit Value Source Comment
Assumes that the lowest
Overnight investment cost Thousand 750 Own assumption overnight investment costs
(low cost estimate) €/MW will be 10% lower than the
central value
Overnight invest@ent cost Thousand 840 [16] i
(central cost estimate) €/MW
Assumes that the highest
Overnight investment cost Thousand 920 Own assumption overnight investment costs
(high cost estimate) €MW will be 10% higher than the
central value
Fixed O&M €/MW/a 8182 [16] -
Variable O&M €/MWh 0 [16] -
Net electrical efficiency % n. a. - -
Full load hours Hours/year 3066 [14] -
(low cost estimate)
Full load hours Hours/year 2260 [15] -
(central cost estimate)
Full load hours
(high cost estimate) Hours/year 1752 [14] -
Technical hf.etlme Years 30 [13] i
(low cost estimate)
Construction time Years 1 [1] -
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