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1. Introduction 
The aim of this study is to perform a sensitivity analysis concerning impact from assumed investment 
costs of the NEA/OECD report “The Costs of Decarbonisation: System Costs with High Shares of 
Nuclear and Renewables” from 2019. A study of this type, i.e. technical-economic analysis, has a set-
up as: [input data]  [simulation method]   [output results]. The output results then completely 
depend on used input data and simulation method. The question is then what happens with other 
types of data assumptions. 

The aim is to study the changes from assumed investment and O&M costs, since the main ones used 
in the report are not reflective of neither actual, nor forecasted costs. 
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We will start the analysis by trying to duplicate the results of the original NEA/OECD report in order 
to ensure our methodology is consistent with theirs. This is a challenge as their data and 
methodology is semi-transparent and not clearly defined. However, the central data, as total cost, 
can be replicated. Here in Chapter 3 we summarize their data and results. In Chapter 4 we then try to 
duplicate their methodology and results and compare it to the NEA/OECD results, in particular the 
total costs for their different cases. The more up to date and forecasted investment and O&M costs 
data is presented in Chapter 5.  Chapter 6 gives the results of applying these data sets and compares 
and contrasts it with the NEA/OECD results. References are found in chapter 7. The summary of the 
findings is found in chapter 2. 

2. Summary 
The aim of this report is to make a sensitivity analysis concerning the impact from changed capacity 
costs on the resulting costs presented in the NEA/OECD report.  

If we start with the wind power investment costs, the used costs in the main scenarios are very 
different compared what is found in other recent sources.  

If we take one example: NEA/OECD uses 2000 USD/kW for new onshore wind power in the main 
scenario. In Sweden there have been several decisions concerning new wind power investments 
during 2017-2021. The investment costs are available [5]. The mean cost for 44 new farms for the 
period 2017-2021, with a total capacity of 4535 MW is 10679 SEK/kW corresponding to 1148 
USD/kW. It can be mentioned that these Swedish costs include the internal grid and the connection 
cost since these costs, in Sweden, have to be paid by the developer. In the NEA/OECD study the 
connection costs are added as an extra cost of 8% of the investment costs, i.e. 2000+8% USD/kW. It 
can also be mentioned that these Swedish projects have a mean capacity factor of around 37% while 
NEA/OECD uses 30%. NEA/OECD also has a “low wind cost scenario”, but the result for this is not 
shown for, e.g., 10-50% Variable Renewable Energy - VRE. In this scenario the investment cost is 
1333 USD/kW + connection costs. 

For solar power NEA/OECD uses 1600 USD/kW in the main scenario, while it in a Spanish study is 
estimated to 838 USD/kW and in US (Lazard) to 950 USD/kW. Also here NEA/OECD has a “low cost 
scenario” with 640 USD/kW, but no results are shown for 10-50% VRE. 

For nuclear power NEA/OECD uses 4700 USD/kW, but this cost is for “available capacity”, i.e. 100% 
available capacity. In other data sources the standard is to set the cost as “investment cost” where 
the availability is then stated to, e.g., 85-90%. For current nuclear investment projects in Europe, the 
costs are handled in a report to the Swedish Energy Commission [1]. It is stated (page 7 – translated): 
“The mean cost for four current projects within EU, Olkiluoto 3 and Hanhikivi 1 in Finland, 
Flamanville in France and Hinkley Point C which is just to be started, is according to figures available 
from media at a level of 55 310 SEK/kW”. Also this cost is for “installed capacity” and with an 
assumed load factor of 90% the cost for available capacity becomes 6608 USD/kW. 

Here we have compared the consequences of total cost for 10-50% VRE for five different cost 
assumptions. We have not included the 75% VRE case. The reason is that for this level, which is 
further away in the future, it is essential to go into overall simulations assumptions concerning hydro 
flexibility, amount of transmission, costs for demand side management, assumptions concerning use 
of hydrogen and flexibility in electric vehicles etc.  
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For all cases, except one, we only study the impact from changed investment and fixed O&M costs. 
We use the same assumptions concerning connection costs, grid costs and balancing costs as 
NEA/OECD.  

The six cases are: 

• NEA/OECD: This is the base case with the same costs as used by NEA/OECD.  
• NEA/OECD low cost-1: The only change here, compared to NEA/OECD, is to instead use what 

NEA/OECD state as “low cost scenario” for wind and solar. Here we also study the impact of 
including the connection cost of wind power in the investment cost as currently done in Sweden. 

• NEA/OECD low cost-2: Here we use the data that NEA/OECD state as “low cost scenario” for 
wind and solar. For nuclear we assume that it is possible to build nuclear at a cost which is 10% 
lower than current European projects [1], and this is still a lower cost than what is expected for 
Spain for 2025 [2] and significantly lower than estimated for US [3]. Here we have not changed 
the NEA/OECD assumptions concerning connection, grid or balancing costs. 

• Current European costs: We here use the investment costs for actual wind power investments in 
Sweden (mean value for 44 installations) [4]. However we do not consider that these installations 
have higher capacity factors and we do not consider that the connection costs are included in the 
reported investment costs. For solar we used the costs from Spanish study for 2025 [2] which 
were the closest in time. For nuclear power we use the available information of the cost of 
current European investments [1]. We do not change the NEA/OECD assumptions concerning 
connection, grid or balancing costs. 

• Estimated costs for 2030: Here we use the data available from the Spanish report [2] concerning 
solar, wind and nuclear power for the year 2030. We do not change the assumptions concerning 
connection, grid or balancing costs. 

• US data: Here we use the data available from the Lazard report [3] concerning solar, wind and 
nuclear power. We do not change the NEA/OECD assumptions concerning connection, grid or 
balancing costs. 

The used method to estimate the changed “total integration cost” is to start with the published 
NEA/OECD data and then study the impact from changed investment costs. Since the GW volume 
and costs for nuclear, solar and wind are presented, it is also possible to estimate the impact when 
alternative costs for these sources are available. 

The set-up here is, as in the NEA/OECD to calculate the “total integration cost” for 10%, 30% and 50% 
VRE. The “total integration cost” means the total extra cost with VRE (compared to nuclear) spread 
out per MWh on the VRE. This is then done for the six studied cases and the result is shown in Table 
1. 

Case 10% VRE 30% VRE 50% VRE 
NEA/OECD 40 USD/MWh 47 USD/MWh 58 USD/MWh 
NEA/OECD low cost - 1 -4 (-6) USD/MWh 3 (0) USD/MWh 13 (10) USD/MWh 
NEA/OECD low cost - 2 -24 USD/MWh -13 USD/MWh -1 USD/MWh 
Current European costs -35 USD/MWh -21 USD/MWh -9 USD/MWh 
Estimated costs for 2030 -20 USD/MWh -11 USD/MWh -1 USD/MWh 
US data -54 USD/MWh -36 USD/MWh -23 USD/MWh 

Table 1 Total system cost for Variable Renewable Energy depending on investment cost assumptions. 
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The results shown in Table 1 can be interpreted in the following way: 

• For the basic investment cost data used by NEA/OECD, first case, there is a significantly higher 
cost to have 10-50% VRE in the system compared to the base case of using mainly nuclear power. 

• For the NEA/OECD “low cost scenario” VRE has lower cost than nuclear for 10% VRE. If one 
assume (as current state in Sweden) that connection costs are included in the investment costs, 
then 30% VRE gets the same cost as nuclear. If nuclear has higher CAPEX than assumed by 
NEA/OECD, but still 10% lower cost than current European nuclear projects, then also 50% VRE 
has lower total cost (including assumed system costs) than nuclear. 

• For the other cases there is a lower total cost to have up to 50% VRE instead of using nuclear 
power. And it must be noted that we have included exactly the same connection, grid and 
balancing costs for VRE as used by NEA/OECD. The aim of this report has only been to see the 
impact of other investment cost assumptions. This means that, with these cost assumptions, 10-
50% VRE has lower total cost than nuclear, also when, the by NEA/OECD assumed, balancing 
costs, connection costs and costs for extra grid investments are included. 

3. NEA/OECD methodology and data 
The set-up for the NEA/OECD study is the following: 

1. The data used is for a 2-area system that is simulated for one specific year. In each area, there 
are several possible resources with different costs (CAPEX – Capacity Expenditures and OPEX – 
Operation expenditures) and load factors. Demand, wind power, solar power, and run-of-the-
river hydro are, for each hour, treated as time series with specific values in MWh/h. Regulating 
hydropower with storage has, for each hour, a certain amount of inflow and a reservoir which 
could, for some time, store the inflow. Thermal power plants, nuclear, coal, Open Cycle Gas 
Turbines - OCGT and Combined Cycle Gas Turbines - CCGT have specific operation costs per MWh 
and investment costs per MW. There is also pumped storage in both areas with a certain 
efficiency, storage capability and capacity. There is a limited transmission capability between the 
two areas. 

2. The methodology is based on a classic capacity expansion approach that is deterministic and 
minimizes total cost; investment + operation cost. This is a “brown field study”, where the 
hydropower (run-of-the-river, hydro with storage and pumped storage) is assumed to be already 
available (so no investment costs are added for these sources), but for all the other sources all 
costs are included. VRE (Variable Renewable Energy), wind and solar, are treated as specified 
input levels, different for different scenarios, but the amount (optimal capacity and yearly energy 
production) of the thermal power plants (nuclear, coal, CCGT, OCGT) is an output of the capacity 
expansion. Coal is never used because of too high cost including assumed CO2 cost. The energy 
production per hour for the thermal units, regulating hydro and pumped storage hydro, as well 
as trading between the areas per hour, are also outputs from the model. There can also be 
curtailments of VRE (Variable Renewable Energy = Wind + Solar) if this is found necessary and/or 
economic.  In summary the capacity expansion results then include, per source, total yearly 
production and total capacity installed. 

3. From these outputs one can calculate the economic implications for each case such as total cost, 
cost/MWh, integration cost etc. The main objective of the NEA/OECD study was to compare 
these costs when the amount of VRE increases. 
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An important part of the set-up is the assumed costs for different sources. These are found, in the 
NEA/OECD report, on page 95, and shown in Figure 1. 

 

Figure 1 Table 2 from [5] : Cost assumptions for generating plants and storage capacities. Page 95 

There are also “connection costs”. These are defined (page 141) as [5]: “Connection costs, i.e. the 
costs for connecting the power plant to the nearest point of the high-voltage or medium-voltage 
transmission grid, are not accounted for in the IEA/NEA estimates of plant-level costs used in this 
exercise and therefore are not part of the optimisation process of the generation mix. The estimates 
of connection costs used in this study are based upon the data from Nuclear Energy and Renewables: 
System Costs in Decarbonising Electricity Systems (NEA, 2012) [6] and are expressed as a fraction of 
the investment costs of each generation plant”. These are repeated here in Figure 2. 

 

Figure 2, from [5]: Table 10. Plant-level data used for calculating the connection costs, page 141. It can be noted that for 
nuclear and wind, the 5% and 8% of the costs in Figure 1 gives the result as above (20694 and 13730). However, for solar 
power, 5% of 137300 in Figure 1 gives 6865 (not 7350). Here we assume that the 5% is correct, i.e. 6865 instead of 7350. 

In addition to these costs there are assumptions of specific “balancing costs” and “grid costs”. These 
are defined on page 141 as [5]: “Data for balancing and grid costs are derived from the information 
available in the public literature and are summarised in Table 11. It should be noted that the model 
used in the optimisation of the generation mix accounts for the uncertainty of VRE generation by 
adapting the required level of reserves as a function of the VRE penetration level. Balancing costs are 
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therefore already accounted for, although only partially, in the calculation of profile costs. For this 
reason, 50% of the balancing costs found in the literature and reported in Table 11 are effectively 
used in the assessment of total system costs.” 

 

Figure 3 From [5]: Table 11. Estimates for grid and balancing costs. These costs represent the “share of total cost”. For, e.g., 
10% VRE the total grid cost is 3+1= 4 USD/MWh where 75% of the energy comes from wind and 25% from solar PV. 

There are also some other essential data used in the report: 

a) The CO2 cost is presented on page 117 [5]: “Under the assumptions taken in the present study, a 
carbon tax of 35 USD/tonne is deemed sufficient to reach the carbon emission levels set at 
minimal cost.”. Page 99 [5]: “These imbalances have been corrected by assuming a carbon price 
of 35 USD/tCO2, i.e. the carbon price deemed sufficient to achieve the carbon reduction targets 
in the main region in the base case scenario”. This means that in order to obtain a certain 
reduction in CO2 emissions, they have implemented this by adding a certain CO2 cost on the 
emissions. 

b) However, in the NEA/OECD report [5], there is no information concerning emissions from 
different plants. But in [7], which is also from NEA/OECD, page 205, it is stated: “Typically, carbon 
emissions are around 100 tCO2/terajoules for hard coal and 50 tCO2/terajoules for natural gas. 
With standard electric conversion factors of 40% and 55%, this amounts to emissions of 0.9 
tCO2/MWh for electricity from hard coal and of 0.33 tCO2/MWh for electricity from CCGTs.” This 
data is here transferred for coal: 100 tCO2/terajoule = 0,36 tCO2/MWh, and for natural gas: 50 
tCO2/terajoule = 0,18 tCO2/MWh. With these assumptions, and efficiencies according to Figure 
1, the emissions per MWh electricity becomes: coal: 0,36/0,45=0,8 tCO2/MWh_el, CCGT (using 
gas): 0,18/0,58=0,310 tCO2/MWh_el, OCGT (using gas): 0,18/0,38=0,474 tCO2/MWh_el. These 
assumptions are used here, since not directly stated in report [5] which emission factors that are 
used. 

4. Duplicating the methodology and results of NEA/OECD report 
 

First we will here comment on the presented costs concerning nuclear. 

4.1. Calculation of annualized costs for nuclear 
The estimated costs per MW and per MWh for the different sources are presented in Figure 1. In the 
table shown in Figure 1 it is stated that nuclear power has an assumed “Annualised investment costs 
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(USD/MW/year)” of 413880 USD/MW and a load factor of 85%. It is then stated that the “Overnight 
cost (incl. contingency) (USD/kW)” is 4700 USD/kW.  

If we study the resulting capacities and yearly energy of the nuclear in Figure 4 and Figure 5 the 
resulting load factors can be calculated as shown in Table 2.  

 

Table 2 Calculated nuclear load factors in the NEA-OECD study from Figure 4 - Figure 5 

As shown in the table, the output result shows load factors significantly higher than 85%. Since the 
load factor, for the base case, is close to 100%, then this means that the “capacity” is the “available 
capacity” and NOT “installed capacity”. This then also implies that the “Overnight cost (incl. 
contingency) (USD/kW)” in reality already includes the 85% load factor. If we, e.g., study the base 
case in main region, the amount of nuclear power is 48.7 GW. As seen in Table 2 this capacity is 
assumed to be available all the time, the whole year. This then means that one has to install 
48.7/0.85=57.3 GW in order to get 48.7 GW of available power with a load factor of 85%. It is then 
assumed by NEA/OECD that to get 48.7 GW available power this will then cost 4700 USD/kW. But this 
means that the “Overnight cost” for nuclear power (NOT considering the 85%) is then assumed to be 
4700*0.85 = 3995 USD/kW (since total cost is 4700*48.7 = [4700*0.85]*[48.7/0.85]). The importance 
of this is when one compares the here assumed investment cost with investment costs from other 
sources. The cost relations can then be written as: 

[cost for installed capacity in USD/kW] = [cost for available capacity in USD/kW]*[load factor] 

4.2. Presented economic results 
NEA/OECD have studied several cases where the amount of VRE is changed: 10-75%. Concerning the 
case of 75% VRE they have also made some modifications in the model, where they include “low VRE 
costs”, “No interconnections” and “no flexible hydro generation”. More details are found on page 91 
in [5]. 

The result from the “brown field optimizations” (one optimization for each case), concerning 
installed capacities, are shown in Figure 4 below which is Table 12 in the NEA/OECD report [5]. 

Base case 10 % VRE 30% VRE 50% VRE
Main region: Capacity - GW 48,7 39,7 26,6 16,4
Main region: Energy - TWh 425,6 347,4 230,3 133,3
Main region: hours/year 8739 8751 8658 8128
Main region: load factor 99,8% 99,9% 98,8% 92,8%
Region 2: Capacity - GW 51,7 41,9 31,5 19,7
Region 2: Energy - TWh 444,5 365,9 270,2 158,3
Region 2: hours/year 8598 8733 8578 8036
Region 2: load factor 98,1% 99,7% 97,9% 91,7%
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Figure 4: Table 12. Installed capacity in the eight scenarios (GW), page 149 in [5] 
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The yearly energy production for each scenario, is summarized in Figure 5 which is Table 13 in the 
NEA/OECD report. 

 

Figure 5: Table 13. Electricity generation in the eight scenarios (TWh), page 150 in [5] 

From the data of the costs (Figure 1), the connections costs (Figure 2), balancing costs (Figure 3), the 
data of CO2 costs, the resulting capacities (Figure 4) and produced energy (Figure 5) in different 
sources, the total costs for the different scenarios can be calculated. However, the exact method of 
how it is done is not presented in the NEA/OECD report. Some economic results, with some details 
are though presented. On page 167 there is a figure on annualized costs, c.f. Figure 6: 
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Figure 6: Figure 67. Annualised costs of generation in the two regions (USD billion per year), page 167 in [5] 

And on page 20 there are also some economic results. These are shown in Figure 7. 

 

Figure 7:  Figure ES6. System costs per MWh of VRE, page 20 in [5]. The “Balancing costs” and “Grid costs” are the same as 
shown in Figure 3. 

These economic results (Figure 6 - Figure 7) should then be possible to replicate since costs, 
capacities and energies are known. Here we have studied this, and we have then identified a 
probable method for how these were estimated. The following has then been implemented: 

• It is stated that this is a “brown field study” where hydro power investment costs are not 
included. We have then considered this here, so the investment costs for the three hydro 
technologies (Hydro – run-of-the-river, Hydro – reservoir, Hydro – pump storage) are neglected. 
However, the yearly O&M costs/MW are not neglected. 

• In addition to the operation costs of CCGT and OCGT in Figure 5 we have added the costs for 
emissions, i.e. 35 USD/tCO2*( CCGT: 0,310 tCO2/MWh_el, OCGT:  0,474 tCO2/MWh_el). 

• The “connection costs” are included here since these are available for several types of power 
plants. However, when the costs for VRE are discussed only the additional connection costs for 
the respective case are included. 
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With these assumptions the economic results per region for energy and capacity are shown below in 
Table 3 - Table 6. 

 

Table 3 Capacity costs in Main Region 

 

Table 4 Capacity costs in Region 2 + total capacity costs for both regions 

 

Table 5 Energy costs in Main Region 

 

Table 6 Energy costs in Region 2 + total energy costs for both regions. 

From the data in Table 3 - Table 6 it is now possible to calculate the total cost per MWh for the 
different cases. This is, for each case, equal to [total cost]/[total energy production]. The result is 
shown in Table 7. 

Capacity Investment O&M Conncection Total Amount GW Cost MUSD Amount GW Cost MUSD Amount GW Cost MUSD Amount GW Cost MUSD
Main Region OCGT 58380 20000 4530 82910 2,0 165,8 5,1 422,8 17,0 1409,5 24,4 2023,0

CCGT 87580 26000 4530 118110 23,0 2716,5 23,0 2716,5 22,7 2681,1 23,8 2811,0
Nuclear 413880 100000 20694 534574 48,7 26033,8 39,7 21222,6 26,6 14219,7 16,4 8767,0
Onshore wind 171620 62000 13730 247349,6 0,0 0,0 15,3 3784,4 46,0 11378,1 78,5 19416,9
Solar 137300 36000 6865 180165 0,0 0,0 10,2 1837,7 30,6 5513,0 52,3 9422,6
Hydro run-of-the-river 0 65000 0 65000 10,0 650,0 10,0 650,0 10,0 650,0 10,0 650,0
Hydro reservoir 0 50000 0 50000 10,0 500,0 10,0 500,0 10,0 500,0 10,0 500,0
Hydro pump storage 0 65000 0 65000 4,5 292,5 4,5 292,5 4,5 292,5 4,5 292,5
Battery storage 163164 17190 0 180354 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Total 98,2 30358,6 117,8 31426,6 167,4 36643,9 219,9 43883,1

50% VRECost USD/MW, year Base case 10% VRE 30% VRE

Region 2 OCGT 58380 20000 4530 82910 11,4 945,2 12,2 1011,5 13,0 1077,8 17,3 1434,3
CCGT 87580 26000 4530 118110 8,3 980,3 13,3 1570,9 13,5 1594,5 15,5 1830,7
Nuclear 413880 100000 20694 534574 51,7 27637,5 41,9 22398,7 31,5 16839,1 19,7 10531,1
Onshore wind 171620 62000 13730 247349,6 0,0 0,0 15,3 3784,4 46,0 11378,1 78,5 19416,9
Solar 137300 36000 6865 180165 0,0 0,0 10,2 1837,7 30,6 5513,0 52,3 9422,6
Hydro run-of-the-river 0 65000 0 65000 7,5 487,5 7,5 487,5 7,5 487,5 7,5 487,5
Hydro reservoir 0 50000 0 50000 7,5 375,0 7,5 375,0 7,5 375,0 7,5 375,0
Hydro pump storage 0 65000 0 65000 8,0 520,0 8,0 520,0 8,0 520,0 8,0 520,0
Battery storage 163164 17190 0 180354 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Total 94,4 30945,5 115,9 31985,6 157,6 37785,0 206,3 44018,2

Total 192,6 61304,1 233,7 63412,2 325,0 74428,9 426,2 87901,3

Energy Fuel O&M Amount TWh Cost MUSD Amount TWh Cost MUSD Amount TWhCost MUSD Amount TWh Cost MUSD
Main region OCGT 91,66 15,3 0,6 64,18 0,5 53,48 2,3 246,008 3,9 417,144

CCGT 69,53 3,5 80,3 5864,31 76,3 5572,19 73,5 5367,705 71 5185,13
Nuclear 10 1,5 425,6 4894,40 347,4 3995,10 230,3 2648,45 133,3 1532,95
Onshore wind 0 0 0 0,00 40,3 0,00 120,6 0 197 0
Solar 0 0 0 0,00 13,4 0,00 40,3 0 68,8 0
Hydro run-of-the-river 0 0 43,8 0,00 43,8 0,00 43,8 0 43,8 0
Hydro reservoir 0 0 15,8 0,00 15,8 0,00 15,8 0 15,8 0
Hydro pump storage 0 0 8,2 0,00 5,8 0,00 6,1 0 8,3 0
Hydro pump storage - charge 0 0 -10,1 0,00 -7,2 0,00 -7,6 0 -10,2 0
Battery storage 0 0,00 0 0,00 0 0 0 0
Battery storage - charge 0 0,00 0 0,00 0 0 0 0
DSM 500 0,2 100,00 0,3 150,00 0,2 100 0,1 50
Interconnections. -27,5 0,00 0,5 0,00 11,5 0 5,2 0
Total 536,9 10922,89 536,9 9770,77 536,80 8362,16 537,00 7185,22

Cost USD/MWh Base case 10% VRE 30% VRE 50% VRE

Region 2 OCGT 91,66 15,3 1,3 139,05 2,4 256,70 3,4 363,664 4,3 459,928
CCGT 69,53 3,5 22,7 1657,78 73,3 5353,10 71,7 5236,251 70,3 5134,009
Nuclear 10 1,5 444,5 5111,75 365,9 4207,85 270,2 3107,3 158,3 1820,45
Onshore wind 0 0 0 0,00 40,3 0,00 120,8 0 199,1 0
Solar 0 0 0 0,00 13,4 0,00 40,3 0 68,8 0
Hydro run-of-the-river 0 0 32,6 0,00 32,6 0,00 32,6 0 32,6 0
Hydro reservoir 0 0 11,8 0,00 11,8 0,00 11,8 0 11,8 0
Hydro pump storage 0 0 15,8 0,00 10,8 0,00 10,4 0 13 0
Hydro pump storage - charge 0 0 -19,5 0,00 -13,3 0,00 -12,9 0 -16,1 0
Battery storage 0 0 0 0,00 0 0,00 0 0 0 0
Battery storage - charge 0 0 0 0,00 0 0,00 0 0 0 0
DSM 500 0 0,2 100,00 0,1 50,00 0,1 50 0,1 50
Interconnections. 27,5 0,00 -0,5 0,00 -11,5 0 -5,2 0
Total 536,9 7008,58 536,8 9867,65 536,90 8757,22 537,00 7464,39

Total 1073,8 17931,464 1073,7 19638,422 1073,7 17119,378 1074 14649,611
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Table 7 Energy cost per MWh for the different cases for the whole system. 

The costs per MWh for the four cases in Table 7 are similar to the levels in Figure 6. In Figure 6 the 
costs are presented as mean cost per area, while here they are the mean costs for both areas. The 
costs in Table 7 are then similar to the mean levels between the areas in Figure 6. 

Table 7 shows that the mean cost increases with larger amounts of VRE. The interpretation by 
NEA/OECD is then that VRE increases the cost and that it then is possible to estimate how much each 
MWh of VRE increases the total cost as: 

[Cost increase, per MWh, with X% VRE] = 
[𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑐𝑐𝑡𝑡𝑐𝑐𝑡𝑡 𝑤𝑤𝑤𝑤𝑡𝑡ℎ 𝑋𝑋% 𝑉𝑉𝑉𝑉𝑉𝑉]− [𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑐𝑐𝑡𝑡𝑐𝑐𝑡𝑡 𝑤𝑤𝑖𝑖 𝑏𝑏𝑡𝑡𝑐𝑐𝑏𝑏 𝑐𝑐𝑡𝑡𝑐𝑐𝑏𝑏]

[𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑉𝑉𝑉𝑉𝑉𝑉 𝑏𝑏𝑖𝑖𝑏𝑏𝑒𝑒𝑒𝑒𝑒𝑒 𝑡𝑡𝑡𝑡 𝑋𝑋% 𝑉𝑉𝑉𝑉𝑉𝑉]
 

 

This “cost increase” can then be seen as the “integration cost”. With this formula the results for the 
different cases  can be calculated from Table 7 and the result becomes as in Table 8. 

 

Table 8 Increased cost/MWh = “integration cost”, with different amounts of VRE. It can be noted that the total amount of 
VRE energy comes from published tables shown in Figure 5 while the “Increased Total Cost” is close to the difference in total 
costs shown in Figure 6. So even without the detailed calculations shown above, these costs should be close to the 
OECD/NEA result. But this specific cost is not presented in the NEA/OECD report. 

Table 8 shows the total “integration cost” which is a sum of increased LCOE (= increased “plant cost” 
since VRE mainly replaces nuclear) and the “profile costs” presented in Figure 7. It has, however, not 
been possible to replicate the “profile cost” data in Figure 7. We have contacted NEA/OECD but they 
did not have time to comment on these details, i.e. how the total cost in Table 8 is divided into 
“profile cost” and “increased LCOE”.  

The “connection costs” with X% VRE can be calculated as: as: 

[Connection cost increase, per MWh, with X% VRE] = 

= 
[𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑐𝑐𝑡𝑡𝑖𝑖𝑖𝑖𝑏𝑏𝑐𝑐𝑡𝑡𝑤𝑤𝑡𝑡𝑖𝑖 𝑐𝑐𝑡𝑡𝑐𝑐𝑡𝑡 𝑤𝑤𝑤𝑤𝑡𝑡ℎ 𝑋𝑋% 𝑉𝑉𝑉𝑉𝑉𝑉]− [𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑐𝑐𝑡𝑡𝑖𝑖𝑖𝑖𝑏𝑏𝑐𝑐𝑡𝑡𝑤𝑤𝑡𝑡𝑖𝑖 𝑐𝑐𝑡𝑡𝑐𝑐𝑡𝑡 𝑤𝑤𝑖𝑖 𝑏𝑏𝑡𝑡𝑐𝑐𝑏𝑏 𝑐𝑐𝑡𝑡𝑐𝑐𝑏𝑏]

[𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑉𝑉𝑉𝑉𝑉𝑉 𝑏𝑏𝑖𝑖𝑏𝑏𝑒𝑒𝑒𝑒𝑒𝑒 𝑡𝑡𝑡𝑡 𝑋𝑋% 𝑉𝑉𝑉𝑉𝑉𝑉]
 

When this calculation is done for the data presented in Table 3 - Table 4 (i.e. multiply the cost/MW 
for “connection cost” with the amount in GW and sum up for all sources), then the result become as 
shown in Table 9. These costs are similar to what is shown in Figure 7.  

 

Base case 10% VRE 30% VRE 50% VRE
Total cost in MUSD 79235,5 83050,7 91548,3 102550,9
Total energy in TWh 1073,8 1073,7 1073,7 1074
Total cost in USD/MWh 73,8 77,3 85,3 95,5

10% VRE 30% VRE 50% VRE
VRE TWh 107,4 322 533,7

Increased Total Cost MUSD 3815,13 12312,74 23315,42
Increased cost/MWh USD/MWh 35,52 38,24 43,69

Base case
Total connection costs: MUSD 2280,2
Extra caused by VRE in USD/MWh for the VRE

2491,6
2,0

3185,5
2,8

3987,6
3,2

10% VRE 30% VRE 50% VRE
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Table 9 Total connection cost increase caused by VRE. 

5. Updated data sources  
In [5] there were specific assumptions made concerning CAPEX and OPEX for the different 
alternatives. The selected cost data was not specifically motivated, i.e. why these date were seen 
relevant, but they state their sources. In this section, we will summarize the corresponding data 
presented in other, more recent, sources.  

5.1. Wind Power CAPEX 
Concerning wind power, there are several other estimations. They are listed below and then 
summarized in Table 10. 

1) Source report [5] shown in Figure 1. 
2) In Sweden there was a national investigation, an “Energy Commission”, led by the Swedish 

Government, of future power system during 2015-2016. As a basis for this, a consultant company 
made a report concerning “costs of power sources” [1]. It was published in April 2016. Wind 
power investment data from Table 19 in that report: 12000 SEK/kW for land based wind power. 

3) In Sweden there have been several decisions concerning new wind power investments [4]. The 
mean cost for 44 new farms for the period 2017-2021, with a total capacity of 4535 MW is 10679 
SEK/kW. These costs include the internal grid in the farm as well as the connection cost since 
these costs, in Sweden, have to be paid by the developer. It can also be mentioned that if we 
study the projects with specified yearly energy production (a total of 13.54 TWh/year) they have 
an installed capacity of 4166 MW  a capacity factor of 37.1%. If we instead take the reported 
total energy (19.1 TWh), then this level comes from an installed capacity of 5828 MW  a 
capacity factor of 37.4%. 

4) In Spain, Comillas University has made a study concerning future power systems [2]. We have 
asked the authors of the background for the data, and the answer was:  
For SOLAR: the cost data is based on publicly available sources as:  

a. ETRI Technology Reference Indicator Projections. 
b. Fraunhofer “Current and Future Cost of Photovoltaics”. 
c. Bloomberg´s “New Energy Outlook 2017”. 
d. NREL “Annual Technology Baseline”. 
e. Grantham “Expect the Unexpected – The disruptive power of low-carbon technologies”. 
f. IRENA “The Power to Change: Solar and Wind cost reduction potential”. 
g. Average / min / max were calculated for 2030, 2040 and 2050. 
h. Non-Euro and Non-2017-Euro cost data was calculated to Euro(2017) values. 
i. Available cost data from current projects (2015-2017) was used to estimate today´s 

costs. 
j. Since only a few publications state 2025 cost data, the 2025 values were calculated using 

present and 2030 cost data by means of a linear regression. 
k. Final data was discussed/agreed with by project partner and contrasted with their 

operational experience. 
l. WIND: procedure (and publications) as for solar, including – among others – additionally: 

IEA “Forecasting Wind Energy Cost Drivers – Expert Survey” 

       Additional comments regarding WIND: 
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m. Since outlook cost data did not match with current and ongoing projects in Spain and 
also past projects in Spain were realized with lower investment costs than comparable 
projects on European and global scale, an adjustment factor for Spain was determined.  

n. This adjustment reflects the difference between Spanish projects compared to other 
international projects. 

o. Since only a few publications state 2025 cost data, the 2025 values were calculated using 
present and 2030 cost data by means of a linear regression 

p. On page 59 there is a table with investments costs for wind power for 2025: “Overnight 
costs”. “medio”:  1093.9 EUR/kW 

5) See 4): page 60, for 2030: 1039.2 EUR/kW 
6) See 4): page 60, for 2040: 976.8 EUR/kW 
7) IEA-Wind, Task 26 collects data for wind power investments [8]. On the WEB-page it is stated: 

“The graphic illustrates the investment cost in Euro/kW and USD/kW of onshore wind turbines of 
1 MW or larger connected to the grid in a given year”. There is data for specific countries, for 
different years, maximum, average and low. Here we use 2 examples: Denmark, 2016, average: 
1353 USD/kW;  

8) See 7): Norway, 2017, average: 1295 USD/kW 
9) The report [7] from IEA/NEA was published in 2015. In this report there is a table with “overnight 

costs” on page 37. It is stated “Table 3.1 presents size and overnight cost statistics for the various 
technologies included here”. The “Overnight cost” for “Onshore wind” are Min: 1200 USD/kW, 
Mean 1940 USD/kW, Median: 1841 USD/kW, Max: 2999 USD/kW. It can be noted that it is stated 
on page 43 that “Onshore wind has, by most measures, become a mature and fairly standard 
product. Overnight costs for OECD countries range from USD 1 571/kWe in the United States to 
USD 2 999/kWe in Japan. Cost in non-OECD countries range from USD 1 200/kWe in China to USD 
2 757/kWe in South Africa. Capacity factors across all countries range from 20% to 49%. The EGC 
2010 noted that, under an assumed learning rate of 7%, overnight costs for onshore wind could 
reach as low as USD 1 400/kWe by 2020”. 

10) Lazard is an investment-banking group, https://www.lazard.com/our-firm/. They have made the 
report concerning levelized costs of energy [3]. There they also state their fundamental 
assumptions. They state: “Lazard has not manipulated capital costs or capital structure for 
various technologies, as the goal of the study was to compare the current state of various 
generation technologies” For wind (page 17) they state a total capital cost of 1150-1550 
USD/kW. 

11) NEA-OECD also has a “low-cost scenario”, c.f. Figure 1. The level used is 1333 USD/kW. 
12) NEA-OECD published a report in 2012 [6]. In this report they have a case study (section 7.3) for 

Germany. On page 216 there is a table with assumed investment costs (EUR/kW). The level for 
wind power (on shore) is 1200 EUR/kW and it is stated in a note: “a) These cost assumptions 
include costs due to the connection of the power plant to the grid.” As stated in Figure 2 the 
“connection cost” is here assumed to add 8% extra to the investment costs. Anyhow, there may 
be different definitions of this is [6] compared to [5]? But it can also be stated that in a table on 
page 144 it is stated that the “Total overnight costs (USD/kW)” for wind power in Germany is 
1934 USD/kW. An explanation could be a change exchange rate between Euro and USD.  
 

https://www.lazard.com/our-firm/
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Nr Organization/report CAPEX per kW in 
local currency 

exchange USD/kW % of NEA 

1 NEA/OECD  2000 USD/kW 1 USD/USD 2000 100 % 
2 Swedish memorandum 12000 SEK/kW 9.3 SEK/USD 1290 64.5 % 
3 Swedish investments 10679 SEK/kW 9.3 SEK/USD 1148 57.4 % 
4 Spanish invest. 2025 1093.9 EUR/kW 0.89 EUR/USD 1287 64.3 % 
5 Spanish invest. 2030 1039.2 EUR/kW 0.89 EUR/USD 1223 61.1 % 
6 Spanish invest. 2040 976.8 EUR/kW 0.89 EUR/USD 1149 57.5 % 
7 IEA Wind - Denmark 1353 USD/kW 1 USD/USD 1353 67.7 % 
8 IEA Wind - Norway 1295 USD/kW 1 USD/USD 1295 64.8 % 
9 NEA/OECD 2015 - Median 1940 USD/kW 1 USD/USD 1940 97 % 
10 Lazard 1150-1550 USD/kW 1 USD/USD 1150-

1550 
57.5-77.5% 

11 NEA/OECD low cost 1333 USD/kW 1 USD/USD 1333 66.7 % 
12 NEA/OECD 2012 - Germany 1200 EUR/kW -

1934 USD/kW 
0.89 EUR/USD 1348-

1934 
67.4 % - 
96.7 % 

Table 10 CAPEX for wind power from different sources.  

5.2. Wind Power O&M  
Concerning wind power, there are also Operation and Maintenance costs. For these there are also 
several estimations. They are listed below and then summarized in Table 11. It can be noted that all 
sources that are noted in Table 10, do not have O&M cost estimations. 

1) The NEA-OECD report [5] uses 62000 USD/MW, year  62 USD/kW, year 
2) The Swedish memorandum [1] states 140 SEK/MWh. There it is assumed a utilization time of 

2900 h/year  140*2900=406000 SEK/MW,year = 406 SEK/kW, year 
3) IEA Wind, Task 26 also states O&M costs. It is stated: “The graphic illustrates the operations and 

maintenance (O&M) cost in EUR/kW and USD/kW for a year of operation of onshore wind 
turbines of 1 MW or larger connected to the grid in a given year.”. For Denmark 2016 it is 39 
USD/kW, year. For Norway for 2017 it is 44 USD/kW, year for 2017. EU-28 mean value was 26 
USD/kW, year. 

4) See 3) 
5) See 4) 
6) The report from Spain [2] states, in EUR/kW, year, for 2025: 27.5: for 2030: 26.7, for 2040: 29.4. 
7) See 6) 
8) Lazard report [3] states 28-36.5 USD/kW, year. 
9) NEA/OECD low cost scenario has the cost 41333 USD/kW, year 

Nr Organization/report O&M per kW,year, 
local  currency 

exchange USD/ 
kW, year 

% of NEA 

1 NEA/OECD  62 USD/kW, year 1 USD/USD 62 100 % 
2 Swedish memorandum 406 SEK/kW, year 9.3 SEK/USD 43.7 70.4 % 
3 Spanish invest. 2025 27.5 EUR/kW, year 0.89 EUR/USD 30.9 49.8 % 
4 Spanish invest. 2030 26.7 EUR/kW, year 0.89 EUR/USD 30 48.4 % 
5 Spanish invest. 2040 29.4 EUR/kW, year 0.89 EUR/USD 33.0 53.2 % 
6 IEA Wind - Denmark 39 USD/kW, year 1 USD/USD 39 62.9 % 
7 IEA Wind - Norway 44 USD/kW, year 1 USD/USD 44 71.0 % 
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8 Lazard 28-36.5 USD/kW, year 1 USD/USD 28-36.5 45.2-58.9 
% 

9 NEA/OECD low cost 41,3 1 USD/USD 41.3 66.7 % 
Table 11 Wind power O&M from different sources 

5.3. Solar Power CAPEX 
Concerning solar power, there are also several estimations. They are listed below and then 
summarized in Table 7. 

1) On page 95 in [5], the assumed cost is set to 1600 USD/kW. 
2) In the Swedish memorandum [1], the CAPEX for solar power is set to 10000 SEK/kW for a solar 

plant of 1 MW size. 
3) For the Spanish report, [2], the CAPEX for solar power (medio: “overnight costs”) are in EUR/kW: 

2025: 745.7; 2030: 628.5; 2040: 492.7 
4) See 3) 
5) See 3) 
6) Lazard report [3], Utility Scale Crystalline and Thin Film, page 16, 950-1250 USD/kW.  
7) NEA-OECD has a “low cost scenario” which uses the figure 640 USD/kW 

Nr Organization/report CAPEX per kW  in 
local currency 

exchange USD/kW % of NEA 

1 NEA/OECD  1600 USD/kW 1 USD/USD 1600 100 % 
2 Swedish memorandum 10000 SEK/kW 9.3 SEK/USD 633 39.6 % 
4 Spanish invest. 2025 745.7 EUR/kW 0.89 EUR/USD 837.9 52.3 % 
5 Spanish invest. 2030 628.5 EUR/kW 0.89 EUR/USD 706.2 44.1 % 
6 Spanish invest. 2040 492.7 EUR/kW 0.89 EUR/USD 553.6 34.6 % 
7 Lazard 950-1250 USD/kW 1 USD/USD 950-1200 59-75 % 
8 NEA/OECD low cost 640 USD/kW 1 USD/USD 640 40 % 

Table 12 CAPEX costs for solar power from different reports. 

5.4. Solar Power O&M  
Concerning solar power, the following estimations concerning O&M costs are considered: 

1) On page 95 in [5], the assumed cost is set to 1600 USD/kW. 
2) In the Swedish memorandum [1], the CAPEX for solar power is set to 10000 SEK/kW for a solar 

plant of 1 MW size. 
3) For the Spanish report, [2], the O&M for solar power are in EUR/kW, year: 2025: 13.6; 2030: 

10.4; 2040: 10.1 
4) See 3) 
5) See 3) 
6) Lazard report [3], Utility Scale Crystalline and Thin Film, page 16, 9-12 USD/kW, year. 
7) NEA/OECD also has a low cost scenario, which uses the data 14400  USD/MW, year 

Nr Organization/report O&M per kW,year, 
local  currency 

exchange USD/ 
kW, year 

% of NEA 

1 NEA/OECD  36 USD/kW, year 1 USD/USD 36 100 % 
2 Swedish memorandum SEK/kW, year 9.3 SEK/USD 13.1 36 % 
3 Spanish invest. 2025 13.6 EUR/kW, year 0.89 EUR/USD 15.3 43 % 
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4 Spanish invest. 2030 10.4 EUR/kW, year 0.89 EUR/USD 11.7 31 % 
5 Spanish invest. 2040 10.1 EUR/kW, year 0.89 EUR/USD 11.3 31% 
8 Lazard 9-12 USD/kW, year 1 USD/USD 9 25 % 
9 NEA/OECD low cost 14.4 USD/kW, year 1 USD/USD 14.4 40 % 

Table 13 Different sources for solar power O&M costs 

5.5. Nuclear CAPEX 
For nuclear power there are also several possible estimations. However, it is first important to note 
the explanation of how the nuclear CAPEX is defined as shown in section 4.1. The conclusion is that 
the base data för “overnight costs in USD/kW” include the load factor of 85%, so it is in reality the 
“available capacity” that has a cost of 4700 USD/kW” which is then NOT the “cost of investment”. 

It is now possible to compare the NEA/OECD CAPEX costs for nuclear with the corresponding ones 
from other sources. 

1) The NEA/OECD uses a certain CAPEX/kW for the investments (4700 USD/kW), but when they 
include the 85% load factor. This means that 4700 USD/kW corresponds to the cost for “available 
capacity”. The cost for the “installed capacity” (which is 1/0.85=1.18, i.e. 18% higher) is then 
assumed to be 3995 USD/kW. 

2) In the Swedish memorandum [1], the cost for nuclear power (version 1) is set to 40000 SEK/kW. 
However, this is for the installed capacity. The assumed “full load hours” is 7885 h, corresponding 
to a load factor of 7885/8760=90%. This then means that the assumed cost for “available 
capacity” becomes 40000/0.9=44444 SEK/kW, corresponding to (9.3 SEK/USD): 4779 USD/kW. 

3) In the Swedish memorandum [1], there is also a cost presented for “current projects in Europe”. 
It is stated (page 7 – translated): “The mean cost for four current projects within EU, Olkiluoto 3 
and Hanhikivi 1 in Finland, Flamanville in France and Hinkley Point C which is just to be started, is 
according to figures available from media at a level of 55 310 SEK/kW”. Also this cost is for 
“installed capacity” and with an assumed load factor of 90% the cost for available capacity 
becomes 6608 USD/kW 

4) In the Spanish investigation [2], there are also estimations for nuclear power in the future. The 
figures for “medio” level are: 2025: 4762.7 Euro/kW, 2030: 4116.2 Euro/kW, 2040: 4000.6 
Euro/kW. Concerning assumed yearly energy production, it is stated in a table on page 65: 
“Horas equivalentes de producción”: 7796. This corresponds to a load factor of 7796/8760=89%. 
The corresponding figures for available capacity (0.89 Euro/USD) then becomes 2025: 
4762.7/0.89/0.89 = 6012.5 USD/kW, 2030: 4116.2/0.89/0.89 = 5196.3 USD/kW, 2040: 
4000.6/0.89/0.89 = 5050.4 USD/kW. 

5) See 4) 
6) See 4) 
7) Lazard [3] also has corresponding estimations. The numbers stated are 6500-12250 USD/kW. 

They assume a “capacity factor” of 90%. This is here interpreted as the “load factor”. This means 
that the cost for “available capacity” is [6500 12250]/0.90 = 7222-13611 USD/kW. 
 

Nr Organization/report CAPEX per kW  in local 
currency 

Load 
factor 

exchange USD/kW for 
available cap. 

1 NEA/OECD  4700 USD/kW (available 
cap.) 

85% 1 USD/USD 4700 
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2 Swedish 
memorandum - 1 

40 000 SEK/kW (installed 
cap.) 

90% 9.3 SEK/USD 4779 

3 Swedish 
memorandum - 2 

55 310 SEK/kW (installed 
cap.) 

90% 9.3 SEK/USD 6608 

4 Spanish invest. 
2025 

4762.7 EUR/kW (“medio”: 
installed cap.) 

89% 0.89 EUR/USD 6012.5 

5 Spanish invest. 
2030 

4116.2 EUR/kW (“medio”: 
installed cap.) 

89% 0.89 EUR/USD 5196.3 

6 Spanish invest. 
2040 

4000.6 EUR/kW (“medio”: 
installed cap.) 

89% 0.89 EUR/USD 5050.4 

7 Lazard 6500-12250 USD/kW 
(installed capacity) 

90% 1 USD/USD 7222 - 13611 

Table 14 CAPEX cost for nuclear from some different sources. 

5.6. Nuclear Power O&M  
Also for nuclear power O&M costs there are also several estimations. However, also for the O&M 
costs it is important to note the explanation of how the nuclear CAPEX is defined as shown in section 
4.1. The conclusion is that the base data för “overnight costs in USD/kW” include a load factor of 
85%, so it is in reality the “available capacity” that has a cost of 4700 USD/kW” which is NOT the 
“cost of investment”. This then means that “O&M costs” are also for “available power” and not for 
“installed capacity”. However, the fixed O&M costs as stated in Figure 1 are for the “available 
power”. 

This then has to be considered when we compare the NEA/OECD fixed costs for nuclear with the 
corresponding ones from other sources. If we, e.g., have a fixed O&M cost of X USD/kW, year, then 
this is often stated as O&M costs per year for installed capacity. However, this should then be 
compared with the NEA/OECD O&M costs which are set for the available capacity. This then mean 
that the [fixed yearly operation cost for “available capacity”] = [fixed yearly operation cost of 
“installed capacity”] / [load factor]. 

1) NEA/OECD: Their estimation, which is for available capacity, as shown in Figure 1: 100000 
USD/MW, year = 100 USD/kW, year 

2) The level from the Swedish memorandum is 110 SEK/MWh, [1] table 3. However, this includes 
the total O&M costs, i.e., both the fixed one per MW and the one connected to operation. 110 
SEK/MWh corresponds to 110/9.3= 11.83 USD/MWh. If we from this withdraw the assumed 
O&M costs per MWh in Figure 1 (1.5 USD/MWh) then we get 11.83-1.5=10.33 USD/MWh. 1 kW 
available capacity produces 8760 kWh = 8,76 MWh/year. This then means an O&M cost of 
10.33*8.76=90,47 USD/kW = 90470 USD/MW, year. 

3) Spain [2]: 2025: 108.3 EUR/kW, year, 2030: 84.4 EUR/kW, year, 2040: 82.6 EUR/kW. But this is 
for “installed capacity” and not for “available capacity”. As stated above it is necessary to install 
more capacity if there is limited availability. With an exchange of 0.89 EUR/USD we get for 2025: 
108.3/0.89/0.89*1000=136730 USD/kW, year.  

4) Spain: For 2030 the result becomes 84.4/0.89/0.89*1000=106550 USD/kW, year.   
5) Spain: For 2040 the result becomes 82.6/0.89/0.89*1000=104280 USD/kW, year. 
6) Lazard also show fixed costs for nuclear O&M in USD/kW, year. These are 115-135 USD/kW, year. 

But these are for a unit with 90% availability so the costs instead become [115-135]/0.90 =128-
150 USD/kW, year 
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Nr Organization/ 
report 

O&M per kW, year, 
local  currency 

Load 
factor 

exchange USD/MW, year 

1 NEA/OECD  100 USD/kW, year 
(avail. power) 

85% 1 USD/USD 100000 

2 Swedish 
memorandum 

110 SEK/MWh, year 
(installed cap.) 

90% 9.3 SEK/USD 90470 

3 Spanish invest. 
2025 

 108.3 EUR/kW, year 
(installed cap.) 

89% 0.89 EUR/USD 136730 

4 Spanish invest. 
2030 

84.4 EUR/kW, year 
(installed cap.) 

89% 0.89 EUR/USD 106550 

5 Spanish invest. 
2040 

82.6 EUR/kW, year 
(installed cap.) 

89% 0.89 EUR/USD 104280 

6 Lazard 115-135 USD/kW, year 
(installed cap.) 

90% 1 USD/USD 128000-150000 

Table 15 Nuclear power O&M costs from different sources. 

5.7. Costs for grid investments 
In the NEA/OECD report, there are two types of “grid costs”. One is the “connection cost” which is 
shown in Figure 2. The other one is “grid costs”. These are defined on page 62 [5] as: 

“Grid costs reflect the increase in the costs for transmission and distribution due to the distributed 
nature and locational constraint of VRE generation plants. However, nuclear plants also impose grid 
costs due to siting requirements for cooling and transmission. Grid costs include the building of new 
infrastructures (grid extension) as well as increasing the capacity of existing infrastructure (grid 
reinforcement)…..” 

“Connection costs consist of the costs of connecting a power plant to the nearest connecting point of 
the transmission grid. They can be significant especially if distant resources (or resources with a low 
load factor) have to be connected, as can be the case for offshore wind, or if the technology has 
more stringent connection requirements as is the case for nuclear power. Connection costs are 
sometimes integrated within system costs (see NEA, 2012), but are sometimes also included in the 
LCOE plant-level costs. This reflects commercial realities as different legislative regimes require 
connection costs either to be borne by plant developers or by the transmission grid operator. In the 
former case, they are part of the plant-level costs and thus fully internalised, while in the latter case 
they are externalities to be accounted for in the system costs.” 

EWEA – European Wind Energy Association has a report where they have presented information 
concerning how grid costs are internalized in Europe [9]. A summarizing map is shown in Figure 8. 
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Figure 8 European connection charges for generation at distribution and Transmission level [9] 

In the NEA/OECD report it is assumed that these costs are “additional costs”, i.e. one has to add 
these costs to the investment cost and the fixed O&M costs. However, for the current Swedish wind 
power projects, the “connection costs” are included in the investment costs. Here we will only 
compare the “connection costs”, i.e. if they are included or not in the CAPEX of wind power. In all 
case studies, except “NEA/OECD low cost -1b”, we use method 1 in Table 16, i.e. the same method as 
NEA/OECD. 

Nr Organization/report Connections costs 
1 NEA/OECD, Figure 2 8% as “Fraction of investment costs” 
2 Swedish real investments [4] 0% of investment cost, since already included 

Table 16 Handling of connection costs for wind power 

6. Sensitivity results using the new data. 
The aim of this section is to study the consequences of using the other cost data detailed in Chapter 
5 in particular investment and O&M costs. Here we use the same costs for balancing costs, grid costs 
and connection costs, except case 2b, as in the NEA/OECD report. And since we use exactly the same 
energy production we will also get exactly the same CO2 emissions. 

We first have to comment on the basic set-up used here. The idea of the NEA-OECD study is to make 
assumptions for the future based on a brown-field study (with existing hydro power). This is then 
based on that we do this “in the future”, i.e. not “now”. This then means that the costs we should 
use should be some kind of estimation of the future costs, and not costs of yesterday. It is obvious 
when we study the investment costs of wind and solar, Table 10 and Table 12, that both the costs for 
today and estimations for the future for wind and solar are significantly lower than the ones used in 
the basic scenario by NEA/OECD. 
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We will then here study total costs and costs per MWh for installed VRE for six different cases: 

• Case 1: “NEA/OECD”: This is the base case with the same costs as used by NEA-OECD [5], c.f. 
Figure 1. 

• Case 2: “NEA/OECD low cost-1”: The only change here, compared to Case 1, is to instead use 
what NEA/OECD state as “low cost scenario” for wind and solar. 

• Case 3: “NEA/OECD low cost-2”. Here we use the data that NEA-OECD state as “low cost 
scenario” for wind and solar. For nuclear we assume that it is possible to build nuclear at a cost 
which is 10% lower than current European projects [1], and this is still a lower cost than what is 
expected for Spain in 2025 [2] and significantly lower than estimated for US [3]. And we have 
NOT changed the assumptions concerning connection, grid or balancing costs. 

• Case 4: “Current European costs”: We here consider the investment costs for actual wind power 
investments in Sweden (mean value for 44 installations) [4]. However we do NOT consider that 
these installations have higher capacity factors and we do NOT consider that the connection 
costs are included in the reported investment costs. For solar we took the costs from Spanish 
study for 2025 [2] which were the closest. For nuclear power we used the available information 
of the cost of current European investments [1].  

• Case 5: “Estimated costs for 2030”: Here we use the data available from the Spanish report [2] 
concerning solar, wind and nuclear power for the year 2030. And we do NOT change the 
assumptions concerning connection, grid or balancing costs. 

• Case 6: “US data”. Here we use the data available from the Lazard report [3] concerning solar, 
wind and nuclear power. But we do NOT change the assumptions concerning connection, grid or 
balancing costs. 

It can be noted that the connection costs are defined, by NEA/OECD, as a certain percent of the 
investment costs, c.f. Figure 2. This implies that for cases 2-6 the connection costs in USD will also 
change when the investment costs change. 

The available investment cost data (“Overnight cost”) for wind, solar and nuclear are provided in 
USD/kW, or in other currencies which are then changed to USD/kW using actual exchange rates. 
However, for the total cost calculations the “Annualised investment cost (USD/MW/year)” is used. 
We then assume exactly the same discount rate (7%), the same unit life time, the same construction 
time and the same spread of investments between the different construction years. This then has as 
result, [10], that when the investment cost in USD/kW changes with a certain factor compared to the 
base case investment cost, then also the “Annualised investment cost (USD/MW/year)” will change 
with the same factor. This relation is here used in the calculations. 

The set-up here is to calculate the total “integration cost” for 10%, 30% and 50% VRE. We start with 
the total cost from NEA-OECD and then we see how this cost is changed for cases 2-6. 

6.1. Case 1: NEA/OECD 
The total costs for the different VRE levels are shown in Figure 7 and repeated below in the first row 
of Table 17. Here these costs also include the connection costs. The extra costs per MWh for a 
certain VRE level are then calculated as the difference between the cost for the corresponding VRE 
level, and the basic system without VRE. The extra cost is then spread out on the amount of VRE. For 
10% the costs is (77-74)/0.1=36 USD/MWh. 0.1 depends on (10% and there are more decimals used 
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in the real calculations). For 30% VRE the extra cost becomes 38 USD/MWh and for 50% the cost is 
44 USD/MWh. For 50% we considered that there is some spillage so the true VRE production is 
slightly less than 50% as can be seen in the NEA/OECD data in Figure 5. This total cost increase is 
then, in the report, divided into “plant cost” and “profile cost”. However, only the “profile cost” is 
directly shown in the report, and not the “increased plant cost”. 

 

Table 17 Case 1: NEA-OECD: Cost increase for different cases in the original report. The exact figures for total cost in 
USD/MWh are taken from the calculations with result in Table 7, but they are close to the ones in Figure 7 

In addition to these costs there are also balancing costs and grid costs. These are the same as the 
ones presented in Figure 3. These are here shown in Table 18. 

 

Table 18 Case 1: NEA-OECD: Extra integration costs for VRE according to NEA-OECD. 

The total costs in the base case are then presented in Table 19. 

   10% VRE 30% VRE 50% VRE 
Basic NEA/OECD cost:  USD/MWh 36 USD/MWh 38 USD/MWh 44 

Changed assumptions:  USD/MWh 0 USD/MWh 0 USD/MWh 0 
Total/MWh + balance+grid:  USD/MWh 4,75 USD/MWh 8,5 USD/MWh 14,5 

Total:  USD/MWh 40 USD/MWh 47 USD/MWh 58 
Table 19  Case 1: NEA-OECD: Total extra costs for different VRE levels 

 

6.2. Case 2: NEA/OECD low cost-1 
Here we do the same calculations as for case 1, but we use instead the “low cost scenario” for wind 
and solar. The balancing and grid costs are presented in Table 18 and here we calculate the impact 
concerning changed assumptions on investment costs for wind and solar. The result is shown in Table 
20. 

The table shows, for each case and for each source, the impact from changed costs assumptions 
concerning investment costs and O&M costs. A change in an investment cost also has an impact on 
changed connection costs since these are stated as a certain percentage of the investment cost. 
These changes are also shown in the table. 

Original
Report 38 44

30% VRE 50% VRE
958577

Cost increase: USD/MWh:  

Base case 10% VRE
74

36
Total cost: USD/MWh:  

USD/MWh 3 USD/MWh 5 USD/MWh 8
USD/MWh 1 USD/MWh 2 USD/MWh 4
USD/MWh 4 USD/MWh 7 USD/MWh 12
USD/MWh 0,5 USD/MWh 1 USD/MWh 2
USD/MWh 0,25 USD/MWh 0,5 USD/MWh 0,5
USD/MWh 0,75 USD/MWh 1,5 USD/MWh 2,5
USD/MWh 4,75 USD/MWh 8,5 USD/MWh 14,5

10% VRE 30% VRE 50% VRE

Balance costs - solar
Total balance costs

Total/MWh + balance+grid

Grid cost - wind
Grid cost - solar

Total grid cost
Balance costs - wind
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Table 20 Case 2a: NEA/OECD low cost-1a: Economic impact on costs caused by changed assumptions 

The total resulting cost is then obtained by adding the original NEA-OECD costs, the impact from 
changed assumptions + the grid and balancing cost. This is shown in Table 21. 

 

Table 21 Case 2a: NEA/OECD low cost-1a: Economic impact on costs caused by changed assumptions 

For sensitivity analysis we also here check the impact from assuming that the investment cost for 
wind power includes the connection cost. This is the current case in Sweden as well as in many 
European countries as shown in Figure 8. The result is shown in Table 22. 

 

Table 22 Case 2b: NEA/OECD low cost-1b: Economic impact on costs caused by changed 

The total resulting cost is then obtained by adding the original NEA-OECD costs, the impact from 
changed assumptions + the grid and balancing cost. This is shown in Table 23. 

 

Table 23 Case 2b: NEA-OECD low cost-1b: Economic impact on costs caused by changed assumptions 

Compare extra costs for VRE: 30% VRE 50% VRE
Ch. Cost Ch. cost Ch. Cost GW Ch. Cost

Source Basic cost Alt. Cost GW USD/MW,y GW USD/MW,y GW USD/MW,y GW USD/MW,y
Wind Capex 171620 114384,73 0 0 30,6 -1751,4 92,0 -5265,6 157,0 -8985,9
Wind O&M 62000 41333 0 0 30,6 -632,4 92,0 -1901,4 157,0 -3244,7
Solar Capex 137300 54920 0 0 20,4 -1680,6 61,2 -5041,7 104,6 -8616,9
Solar O&M 36000 14400 0 0 20,4 -440,6 61,2 -1321,9 104,6 -2259,4
Nuclear Capex 413880 413880 100,4 0 81,6 0,0 58,1 0,0 36,1 0,0
Nuclear O&M 100000 100000 100,4 0 81,6 0,0 58,1 0,0 36,1 0,0
Wind Conn. 13729,6 9151 0 0 30,6 -140,1 92,0 -421,3 157,0 -718,9
Solar conn. 6865 2746 0 0 20,4 -84,0 61,2 -252,1 104,6 -430,8
Nuclear conn. 20694 20694 100,4 0 81,6 0,0 58,1 0,0 36,1 0,0

VRE-TWh 107,4 VRE-TWh 322,0 VRE-TWh 533,7
Cost. Incr. -4729,1 Cost. Incr. -14203,9 Cost. Incr. -24256,7
USD/MWh -44,0 USD/MWh -44,1 USD/MWh -45,5

USD/MW, year
10% VREBase case

USD/MWh 36 USD/MWh 38 USD/MWh 44
USD/MWh -44,0 USD/MWh -44,1 USD/MWh -45,5
USD/MWh 4,75 USD/MWh 8,5 USD/MWh 14,5
USD/MWh -4 USD/MWh 3 USD/MWh 13

30% VRE 50% VRE
Basic NEA/OECD cost: 

Changed assumptions: 
Total/MWh + balance+grid: 

Total: 

10% VRE

Compare extra costs for VRE: 30% VRE 50% VRE
Ch. Cost Ch. cost Ch. Cost GW Ch. Cost

Source Basic cost Alt. Cost GW USD/MW,y GW USD/MW,y GW USD/MW,y GW USD/MW,y
Wind Capex 171620 114384,73 0 0 30,6 -1751,4 92,0 -5265,6 157,0 -8985,9
Wind O&M 62000 41333 0 0 30,6 -632,4 92,0 -1901,4 157,0 -3244,7
Solar Capex 137300 54920 0 0 20,4 -1680,6 61,2 -5041,7 104,6 -8616,9
Solar O&M 36000 14400 0 0 20,4 -440,6 61,2 -1321,9 104,6 -2259,4
Nuclear Capex 413880 413880 100,4 0 81,6 0,0 58,1 0,0 36,1 0,0
Nuclear O&M 100000 100000 100,4 0 81,6 0,0 58,1 0,0 36,1 0,0
Wind Conn. 13729,6 0 0 0 30,6 -420,1 92,0 -1263,1 157,0 -2155,5
Solar conn. 6865 2746 0 0 20,4 -84,0 61,2 -252,1 104,6 -430,8
Nuclear conn. 20694 20694 100,4 0 81,6 0,0 58,1 0,0 36,1 0,0

VRE-TWh 107,4 VRE-TWh 322,0 VRE-TWh 533,7
Cost. Incr. -5009,2 Cost. Incr. -15045,8 Cost. Incr. -25693,4
USD/MWh -46,6 USD/MWh -46,7 USD/MWh -48,1

10% VREBase case
USD/MW, year

USD/MWh 36 USD/MWh 38 USD/MWh 44
USD/MWh -46,6 USD/MWh -46,7 USD/MWh -48,1
USD/MWh 4,75 USD/MWh 8,5 USD/MWh 14,5
USD/MWh -6 USD/MWh 0 USD/MWh 10

Total/MWh + balance+grid: 
Total: 

10% VRE 30% VRE 50% VRE
Basic NEA/OECD cost: 
Changed assumptions: 
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6.3. Case 3: NEA/OECD low cost-2 
Also here we keep the original calculation results concerning total original costs as well as the 
balancing and grid costs presented in Table 18, but we calculate the impact concerning changed 
assumptions on investment costs for wind, solar and nuclear as stated above. The result is shown in 
Table 24. The change compared to Case 2  is other assumptions concerning nuclear investment costs. 

 

Table 24 Case 3: NEA/OECD low cost-2: Economic impact on costs caused by changed assumptions 

The total resulting cost is then obtained by adding the original NEA-OECD costs, the impact from 
changed assumptions + the grid and balancing cost. This is shown in Table 25 

 

Table 25 Case 3: NEA/OECD low cost-2: Economic impact on costs caused by changed assumptions 

6.4. Case 4: Current European costs 
This set-up means that we keep the original calculation results concerning total original costs as well 
as the balancing and grid costs presented in Table 17 and Table 18, but we calculate the impact 
concerning changed assumptions on investment costs for wind, solar and nuclear as stated above. 
Here we assume the current investment cost for these sources. 

The economic impact from these changed assumptions is shown in Table 26. 

 

Table 26 Case 2: Current European costs: Economic impact on costs caused by changed assumptions. 

The total resulting cost is then obtained by adding the original NEA-OECD costs, the impact from 
changed assumptions + the grid and balancing cost. This is shown in Table 27. 

Compare extra costs for VRE: 30% VRE 50% VRE
Ch. Cost Ch. cost Ch. Cost GW Ch. Cost

Source Basic cost Alt. Cost GW USD/MW,y GW USD/MW,y GW USD/MW,y GW USD/MW,y
Wind Capex 171620 114384,73 0 0 30,6 -1751,4 92,0 -5265,6 157,0 -8985,9
Wind O&M 62000 41333 0 0 30,6 -632,4 92,0 -1901,4 157,0 -3244,7
Solar Capex 137300 54920 0 0 20,4 -1680,6 61,2 -5041,7 104,6 -8616,9
Solar O&M 36000 14400 0 0 20,4 -440,6 61,2 -1321,9 104,6 -2259,4
Nuclear Capex 413880 523717,75 100,4 11027,71 81,6 8962,8 58,1 6381,6 36,1 3965,1
Nuclear O&M 100000 100000 100,4 0 81,6 0,0 58,1 0,0 36,1 0,0
Wind Conn. 13729,6 9151 0 0 30,6 -140,1 92,0 -421,3 157,0 -718,9
Solar conn. 6865 2746 0 0 20,4 -84,0 61,2 -252,1 104,6 -430,8
Nuclear conn. 20694 26185,887 100,4 551,3855 81,6 448,1 58,1 319,1 36,1 198,3

VRE-TWh 107,4 VRE-TWh 322,0 VRE-TWh 533,7
Cost. Incr. -6897,3 Cost. Incr. -19082,4 Cost. Incr. -31672,4
USD/MWh -64,2 USD/MWh -59,3 USD/MWh -59,3

10% VREBase case
USD/MW, year

USD/MWh 36 USD/MWh 38 USD/MWh 44
USD/MWh -64,2 USD/MWh -59,3 USD/MWh -59,3
USD/MWh 4,75 USD/MWh 8,5 USD/MWh 14,5
USD/MWh -24 USD/MWh -13 USD/MWh -1

Total/MWh + balance+grid: 
Total: 

10% VRE 30% VRE 50% VRE
Basic NEA/OECD cost: 
Changed assumptions: 

Compare extra costs for VRE: 30% VRE 50% VRE
Ch. Cost Ch. cost Ch. Cost GW Ch. Cost

Source Basic cost Alt. Cost GW USD/MW,y GW USD/MW,y GW USD/MW,y GW USD/MW,y
Wind Capex 171620 98533,87 0 0 30,6 -2236,4 92,0 -6723,9 157,0 -11474,5
Wind O&M 62000 43655,914 0 0 30,6 -561,3 92,0 -1687,7 157,0 -2880,0
Solar Capex 137300 71895,831 0 0 20,4 -1334,2 61,2 -4002,7 104,6 -6841,3
Solar O&M 36000 15280,161 0 0 20,4 -422,7 61,2 -1268,1 104,6 -2167,3
Nuclear Capex 413880 581908,61 100,4 16870,07 81,6 13711,1 58,1 9762,5 36,1 6065,8
Nuclear O&M 100000 100000 100,4 0 81,6 0,0 58,1 0,0 36,1 0,0
Wind Conn. 13729,6 7883 0 0 30,6 -178,9 92,0 -537,9 157,0 -918,0
Solar conn. 6865 3594,7916 0 0 20,4 -66,7 61,2 -200,1 104,6 -342,1
Nuclear conn. 20694 29095,43 100,4 843,5036 81,6 685,6 58,1 488,1 36,1 303,3

VRE-TWh 107,4 VRE-TWh 322,0 VRE-TWh 533,7
Cost. Incr. -8117,2 Cost. Incr. -21883,4 Cost. Incr. -35967,6
USD/MWh -75,6 USD/MWh -68,0 USD/MWh -67,4

10% VREBase case
USD/MW, year
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Table 27 Case 2: Current European costs: Total economic impact with OECD/NEA-method, but changed costs. 

6.5. Case 5: Estimated costs for 2030 
This set-up also means that we keep the original calculation results concerning total original costs as 
well as the balancing and grid costs presented in Table 17 and Table 18, but we calculate the impact 
concerning changed assumptions (i.e. estimated costs for wind, solar and nuclear for the year 2030) 
on investment costs as stated above. 

The economic impact from these changed assumptions is shown in Table 28. 

 

Table 28 Case 5: Estimated costs for 2030: Economic impact on costs caused by changed assumptions 

The total resulting cost is then obtained by adding the original NEA-OECD costs, the impact from 
changed assumptions + the grid and balancing cost. This is shown in Table 29. 

 

Table 29 Case 5: Estimated costs for 2030: Total economic impact with OECD/NEA-method, but changed costs. 

6.6. Case 6: US Data 
This set-up also means that we keep the original calculation results concerning total original costs as 
well as the balancing and grid costs presented in Table 17 and Table 18, but we calculate the impact 
concerning changed assumptions on investment costs for wind, solar and nuclear as stated above. 
Here we use current estimations for US from the Lazard report [3]. 

The economic impact from these changed assumptions is shown in Table 30. 

USD/MWh 36 USD/MWh 38 USD/MWh 44
USD/MWh -75,6 USD/MWh -68,0 USD/MWh -67,4
USD/MWh 4,75 USD/MWh 8,5 USD/MWh 14,5
USD/MWh -35 USD/MWh -21 USD/MWh -9

Total/MWh + balance+grid: 
Total: 

10% VRE 30% VRE 50% VRE
Basic NEA/OECD cost: 
Changed assumptions: 

Compare extra costs for VRE: 30% VRE 50% VRE
Ch. Cost Ch. cost Ch. Cost GW Ch. Cost

Source Basic cost Alt. Cost GW USD/MW,y GW USD/MW,y GW USD/MW,y GW USD/MW,y
Wind Capex 171620 100190,39 0 0 30,6 -2185,7 92,0 -6571,5 157,0 -11214,4
Wind O&M 62000 29998,551 0 0 30,6 -979,2 92,0 -2944,1 157,0 -5024,2
Solar Capex 137300 60596,124 0 0 20,4 -1564,8 61,2 -4694,3 104,6 -8023,2
Solar O&M 36000 11684,829 0 0 20,4 -496,0 61,2 -1488,1 104,6 -2543,4
Nuclear Capex 413880 457585,29 100,4 4388,011 81,6 3566,4 58,1 2539,3 36,1 1577,8
Nuclear O&M 100000 106547,06 100,4 657,3243 81,6 534,2 58,1 380,4 36,1 236,3
Wind Conn. 13729,6 8015 0 0 30,6 -174,9 92,0 -525,7 157,0 -897,2
Solar conn. 6865 3029,8062 0 0 20,4 -78,2 61,2 -234,7 104,6 -401,2
Nuclear conn. 20694 22879,265 100,4 219,4006 81,6 178,3 58,1 127,0 36,1 78,9

VRE-TWh 107,4 VRE-TWh 322,0 VRE-TWh 533,7
Cost. Incr. -6464,7 Cost. Incr. -18676,6 Cost. Incr. -31475,3
USD/MWh -60,2 USD/MWh -58,0 USD/MWh -59,0

10% VREBase case
USD/MW, year

USD/MWh 36 USD/MWh 38 USD/MWh 44
USD/MWh -60,2 USD/MWh -58,0 USD/MWh -59,0
USD/MWh 4,75 USD/MWh 8,5 USD/MWh 14,5
USD/MWh -20 USD/MWh -11 USD/MWh -1

Total/MWh + balance+grid: 
Total: 

10% VRE 30% VRE 50% VRE
Basic NEA/OECD cost: 
Changed assumptions: 
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Table 30 Case 6: US data: Economic impact on costs caused by changed assumptions 

The total resulting cost is then obtained by adding the original NEA-OECD costs, the impact from 
changed assumptions + the grid and balancing cost. This is shown in Table 31. 

 

Table 31 Case 6: US data: Economic impact on costs caused by changed assumptions 

7. References 
 

[1]  Energy Commission, "Memorandum on costs for new production sources in Sweden (in 
Swedish), (M 2015:01)," 21 04 2016. [Online]. Available: 
http://www.energikommissionen.se/app/uploads/2016/05/promemoria-om-kostnaderna-fr-
nya-elproduktionsanlggningar-i-sverige.pdf. [Accessed 17 04 2019]. 

[2]  P. M. Rivier, P. T. Gómez, D. J. P. Chaves, D. R. Cossent, P. Á. Sánchez, D. F. Martín and I. T. 
Gerres, "Analysis of future scenarios for the electricity sector in Spain for the period 2025-2050 
(in Spanish)," 03 2018. [Online]. Available: https://www.iit.comillas.edu/docs/IIT-18-026I.pdf. 
[Accessed 17 04 2019]. 

[3]  Lazard, "Lazard's levelized cost of energy analysis - version 12.0," 11 2018. [Online]. Available: 
https://www.lazard.com/media/450784/lazards-levelized-cost-of-energy-version-120-
vfinal.pdf. [Accessed 18 04 2019]. 

[4]  Swedish Wind Energy, "New wind power 2017-2021 (in Swedish)," 08 03 2019. [Online]. 
Available: https://svenskvindenergi.org/wp-content/uploads/2019/03/Listan-ny-vindkraft-
2017-2021.pdf. [Accessed 18 04 2019]. 

[5]  OECD/NEA, "The Costs of Decarbonisation: System Costs with High Shares of Nuclear and 
Renewables, NEA No. 7299," 29 January 2019. [Online]. Available: http://www.oecd-
nea.org/ndd/pubs/2019/7299-system-costs.pdf. [Accessed 11 April 2019]. 

Compare extra costs for VRE: 30% VRE 50% VRE
Ch. Cost Ch. cost Ch. Cost GW Ch. Cost

Source Basic cost Alt. Cost GW USD/MW,y GW USD/MW,y GW USD/MW,y GW USD/MW,y
Wind Capex 171620 98681,5 0 0 30,6 -2231,9 92,0 -6710,3 157,0 -11451,3
Wind O&M 62000 28000 0 0 30,6 -1040,4 92,0 -3128,0 157,0 -5338,0
Solar Capex 137300 81521,875 0 0 20,4 -1137,9 61,2 -3413,6 104,6 -5834,4
Solar O&M 36000 9000 0 0 20,4 -550,8 61,2 -1652,4 104,6 -2824,2
Nuclear Capex 413880 635985,82 100,4 22299,42 81,6 18123,8 58,1 12904,3 36,1 8018,0
Nuclear O&M 100000 127777,78 100,4 2788,889 81,6 2266,7 58,1 1613,9 36,1 1002,8
Wind Conn. 13729,6 7895 0 0 30,6 -178,6 92,0 -536,8 157,0 -916,1
Solar conn. 6865 4076,0938 0 0 20,4 -56,9 61,2 -170,7 104,6 -291,7
Nuclear conn. 20694 31799,291 100,4 1114,971 81,6 906,2 58,1 645,2 36,1 400,9

VRE-TWh 107,4 VRE-TWh 322,0 VRE-TWh 533,7
Cost. Incr. -10103,0 Cost. Incr. -26651,7 Cost. Incr. -43437,3
USD/MWh -94,1 USD/MWh -82,8 USD/MWh -81,4

10% VREBase case
USD/MW, year

USD/MWh 36 USD/MWh 38 USD/MWh 44
USD/MWh -94,1 USD/MWh -82,8 USD/MWh -81,4
USD/MWh 4,75 USD/MWh 8,5 USD/MWh 14,5
USD/MWh -54 USD/MWh -36 USD/MWh -23

Total/MWh + balance+grid: 
Total: 

10% VRE 30% VRE 50% VRE
Basic NEA/OECD cost: 
Changed assumptions: 



28 
 

[6]  OECD/NEA, "Nuclear Energy and Renewables: System Effects in Low-carbon Electricity 
Systems," 2012. [Online]. Available: https://www.oecd-nea.org/ndd/pubs/2012/7056-system-
effects.pdf. [Accessed 23 04 2019]. 

[7]  OECD/NEA, "Projected Costs of Generating Electricity, 2015 Edition," 2015. [Online]. Available: 
https://www.oecd-nea.org/ndd/pubs/2015/7057-proj-costs-electricity-2015.pdf. [Accessed 11 
04 2019]. 

[8]  IEA Wind Task 26, "Data view of wind power investment costs," [Online]. Available: 
https://community.ieawind.org/task26/dataviewer. [Accessed 18 04 2019]. 

[9]  EWEA - European Wind Energy Association, "EWEA position paper on network tariffs and grid 
connection regimes (revisited)," 2016. [Online]. Available: 
file://ug.kth.se/dfs/home/l/s/lsod/appdata/xp.V2/Documents/Forskning/Vindkraft%20-
%20eget/NEPP/NEA-2019/EWEA-position-paper-on-harmonised-transmission-tariffs-and-grid-
connection-regimes.pdf. [Accessed 02 05 2019]. 

[10]  L. Söder, "EG2220 Power Generation, Environment and Markets - Compendium for future 
system design," 10 05 2017. [Online]. Available: http://kth.diva-
portal.org/smash/record.jsf?pid=diva2%3A1300756&dswid=-3012. [Accessed 24 04 2019]. 

 

 

 

 

 


	The Costs of Decarbonisation: System Costs with High Shares of Nuclear and Renewables
	Impact from updated cost assumptions
	Lennart Söder
	Professor in Electric Power Systems, KTH, LSOD@kth.se
	1. Introduction
	2. Summary
	3. NEA/OECD methodology and data
	4. Duplicating the methodology and results of NEA/OECD report
	4.1. Calculation of annualized costs for nuclear
	4.2. Presented economic results
	5. Updated data sources
	5.1. Wind Power CAPEX
	5.2. Wind Power O&M
	5.3. Solar Power CAPEX
	5.4. Solar Power O&M
	5.5. Nuclear CAPEX
	5.6. Nuclear Power O&M
	5.7. Costs for grid investments
	6. Sensitivity results using the new data.
	6.1. Case 1: NEA/OECD
	6.2. Case 2: NEA/OECD low cost-1
	6.3. Case 3: NEA/OECD low cost-2
	6.4. Case 4: Current European costs
	6.5. Case 5: Estimated costs for 2030
	6.6. Case 6: US Data
	7. References

