
Typical Generation Costs 
 

1. Introduction 

New generation must be continuously planned and built to 

keep pace with load growth and the retirement of old 

facilities. However, the concern over greenhouse gases has 

motivated an extremely strong public interest in finding 

ways to reduce CO2 emissions, and electric utilities are 

responding to this interest in various ways.  

 

A few generation technologies promising in reducing 

carbon emissions are summarized below, in approximate 

increasing order of LCOE shown in Fig. 1a from 2021 [1], 

and in Fig. 1b from 2023 [2]. These figures were already 

seen in “Engineering Economics” notes, pg. 43). 
1. Wind 

2. Solar PV, utility scale 

3. Natural gas combined cycle (NGCC) 

4. Geothermal 

5. Canadian hydro 

6. Nuclear 

7. Integrated gasification combined cycle (IGCC) with CCS 

8. Pulverized coal (PC) with CCS 

9. Concentrated solar (solar thermal tower with storage) 

Very important issues for each of these technologies is the 

capital and operational costs, well quantified by the LCOE. 

Although Lazard’s provides LCOE, it does not publish the 

capital and O&M costs behind LCOE. There are two main 

sources used for obtaining this information. These are   

1. The US Energy Information Administration (EIA).  

2. The NREL Annual Technology Database  (ATB). 

Updated: 2/6/2024 



 
Fig. 1a: Lazard’s LCOE Assessment for Generation Technologies, 2020 [1] 

 



 

 
 

Fig. 1b: Lazard’s LCOE Assessment for Generation Technologies, 2023 [] 
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2. EIA data 

The DOE EIA provides comprehensive generation capital 

and O&M data and have been doing so for a number of 

years. These data are obtained via consulting agencies 

directly contracted by EIA to develop it. I have included 

data from 2008 [3], 2010 [4], 2013 [5], 2015 [6], 2020 [7].  

 

Table 1: 2008 Cost of new generation technologies 
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Table 2: 2010 Cost of new generation technologies 
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Table 3: 2013 Cost of new generation technologies 
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Table 4: 2015 Cost of new generation technologies 
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Table 5: 2020 Cost of new generation technologies 

 
Table 6: 2023 Cost of new generation technologies  
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The overnight cost data of Tables 1-6 have been 

summarized in Table 7. 

 

Table 7: Summary of data in Tables 1-6 

Technology 2008 (2006$) 2010 (2008$) 2013 (2012$) 2015 (2013$) 2020 (2020$) 2023 (2023$)

Ultra-critical coal 1434 2078 2934 2726 3672 4507

IGCC 1657 2461 3784 3483

IGCC with CCS 2302 3427 6599 5891

Conv Gas Oil CC (multishaft) 683 937 917 869 957

Adv Gas/Oil CC 654 897 1023 942

Adv CC with CCS 1254 1720 2095 1845 3140

Conv CT - aeroderivative 476 653 973 922 1169 1428

Adv CT - industrial frame 450 617 676 639 709 867

Nuclear -small modular reactor 8349

Adv Nuclear - lite watr reactor 2143 3308 5530 4646 6336 7777

Geothermal 1057 1666 4362 2331 2772 3403

Wind onshore 1340 1837 2213 1850 1268 2098

Wind offshore 2547 3492 6230 4476 5453 6672

Solar thermal 3499 4798 5067 3787 7116 8732

Solar PV with tracking 5380 5879 3873 3123 1248 1448

Base Overnight Cost $/kW)

 
Fig. 2 illustrates these data. Some caveats: 

• The first bar is 2008 report, the second is 2010 report, 

the third is 2013 report, the fourth is 2015 report, the 

fifth is 2020 report. The sixth is 2023 report. 

• The data are in current (nominal) dollars in the given 

year and so reflect the effect of inflation (particularly 

salient when comparing 2023 figures to those of previous 

years).  

• It is clear that  

o solar thermal, advanced nuclear, small modular 

reactors, and IGCC with CCS have the highest 

overnight costs; 

o combined cycle technologies, followed by 

combustion turbines, then onshore wind, and more 

recently, solar PV (utility scale), have the lowest 

overnight costs. 
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Fig. 2: Summary of EIA generation overnight cost data 

2008-2023 

 

3. NREL Annual Technology Baseline (ATB) 

The NREL ATB database [8] is heavily used by people 

from all over the world. The Mid-Continent Independent 

System Operator (MISO) uses it in their planning studies; 

see, for example, Appendix E of the MTEP 2020 [9], and 

also MISO’s 2023 Futures Report [10], where, on p. 109, 

the text and figure of Fig. 3a is presented. 



 11 

 
Fig 3a: ATB overnight cost data presented in MISO report [10] 

 

There is some overlap between NREL ATB and the EIA 

data mentioned in Section 2, but this overlap is mainly 

confined to the fossil, nuclear, and biopower cost estimates. 

Cost estimates for renewables are developed by the ATB 

team at NREL; sources used in this development effort can 

be found at https://atb.nrel.gov/electricity/2023/approach_&_methodology.  

 

The NREL ATB data can be accessed at  

https://atb.nrel.gov/electricity/2023/index 

in any of several forms.  

1. LCOE data: LCOE ranges may be obtained, similar to 

that of what Lazards (see Fig. 1) provides, as indicated in 

Fig. 3b (for 2018) and Fig. 3c (for 2021). 

https://atb.nrel.gov/electricity/2023/approach_&_methodology
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Fig. 3b: NREL LCOE ranges, 2018 

 
Fig. 3c: NREL LCOE ranges, 2021 
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2. Report-like form: A textual report-like treatment of data 

for each technology may be obtained, see 

https://atb.nrel.gov/electricity/2023/land-based_wind. 

For example, when we click to see the “Land-based 

wind,” several pages of descriptive text, plots, and tables 

become available. I have copied into Fig. 4a below a 

portion of this report-like material for “Land-based 

wind” data retrieved in 2021, and I have copied into Fig. 

4b below a portion of this report-like material for “Land-

based wind” data retrieved in 2024. 

https://atb.nrel.gov/electricity/2023/land-based_wind
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Fig. 4a: Report-like information for land-based wind (retrieved in 2021) 
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Fig. 4b: Report-like information for land-based wind (retrieved in 2024) 
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3. Spread-sheet form: All technology data is available 

within a ~5MB Excel file containing 25 separate 

worksheets. The names of these worksheets are: 
i. Preface and contents 

ii. Financial definitions 

iii. Financial and CRP inputs 

iv. Land-based wind 

v. Offshore wind 

vi. Distributed wind 

vii. Solar – Utility PV 

viii. Solar – PV Distributed Commercial 

ix. Solar – PV Distributed Residential 

x. Solar – CSP 

xi. Geothermal 

xii. Hydropower 

xiii. Coal_FE 

xiv. Natural gas_FE 

xv. Natural Gas Fuel Cell_FE 

xvi. Coal retrofits 

xvii. Natural gas retrofits 

xviii. Utility scale battery storage 

xix. Commercial battery storage 

xx. Residential battery storage 

xxi. Utility scale PV-plus battery 

xxii. Pumped storage hydropower 

xxiii. WACC Calculation 

xxiv. Tax credits 

xxv. Summary 

xxvi. Summary CAPEX 

xxvii. Summary Capacity Factor 

xxviii. Summary FCR 

xxix. Summary LCOE 

xxx. Summary FOM 

xxxi. Summary VOM 

xxxii. Summary Fuel 

xxxiii. LCOE Range 
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4. Last comments 

4.1. Last comments - generation technologies 

A useful document on costs of new fossil-fired generation 

technologies, developed using the modeling software 

Aspen [11], and published in 2007, can be found at [12]. A 

summary table from this document is given below as Table 

10. Though dated, there are two points to this data that are 

still relevant today: 

1. CCS is expensive. Comparing columns 1 and 2 data, 3 

and 4 data, and so on, provides insight into the impact 

of CCS. Although CCS significantly reduces CO2 

emissions for all plant types, it requires (i) reduction in 

net power output (capacity); (ii) reduction in 

efficiency (increase in heatrate); (iii) increase in water 

usage; (iv) increase in LCOE; (v) increase in “total 

plant cost” (this is the capital cost). 

2. Modeling software (Aspen in this case) for techno-

economic modeling of this nature is very available, 

although it requires significant power plant knowledge 

and start-up time to learn it.  Its power is that it 

provides ability to perform rigorous cost analysis 

before actually investing in that technology. 
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Table 10: Cost, Performance, and Environmental Summary  
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A more visual representation of these data is seen in Fig. 

15. Here, TS&M costs represents the transport, storage, and 

monitoring cost of the carbon sequestration process, and 

the vertical axis units, mills/kWhr, (where a mill=$0.001), 

is the same as $/MWhr. Comparing bars 1 and 2, bars 3 and 

4, etc., enables one to observe that CCS causes all costs to 

increase except fixed costs. The largest cost increase is in 

the capital costs. 

 
Fig. 15: Levelized Cost of Electricity 

 
4.2. Last comments - trans technologies 

We have said nothing about transmission costs in this 

document because our focus in this document has been on 

generation costs. For now, I simply refer you to the best 

transmission cost resource document of which I know, the 

MISO Transmission Cost Estimation Guide [13]. We will 

have more to say about transmission cost later in the 

course.



 20 

References: 
 

[1] Lazard’s LCOE, Nov., 2020, https://www.lazard.com/perspective/levelized-cost-of-energy-and-

levelized-cost-of-storage-2020/.   

[2] Laxard’s LCOE, Oct., 2023, www.lazard.com/research-insights/2023-levelized-cost-of-energyplus/.  

[3] DOE EIA Report #:DOE/EIA-0554, June 2008 on “Generation Technologies Cost,” available from 

www.eia.doe.gov/fuelelectric.html, or www.eia.doe.gov/oiaf/aeo/assumption/pdf/electricity.pdf#page=3. 

[4] DOE EIA Report #:DOE/EIA-0554, April 2010 on “Generation Technologies Cost,” available from 

http://www.eia.doe.gov/oiaf/aeo/assumption/pdf/electricity.pdf#page=3.  

[5]April 2013, http://www.eia.gov/forecasts/capitalcost/pdf/updated_capcost.pdf  

[6] http://www.eia.gov/forecasts/aeo/assumptions/pdf/table_8.2.pdf   
[7] US EIA Website on generation overnight costs, 

www.eia.gov/forecasts/aeo/assumptions/pdf/table_8.2.pdf  

[8] NREL (National Renewable Energy Laboratory). 2020. "2020 Annual Technology Baseline." Golden, 

CO: National Renewable Energy Laboratory. https://atb.nrel.gov/.  

[9] MTEP 2020, MISO, Appendix E, https://cdn.misoenergy.org//MTEP20%20Appendix%20E%20-

%20Futures%20Assumptions485668.pdf.   

[10] Midcontinent Independent System Operator, “MISO Futures Report, Series 1A,” Nov. 1, 2023. 

Accessed 2/6/2024. Available: https://cdn.misoenergy.org/Series1A_Futures_Report630735.pdf.   

[11] Home page for Aspen Technologies, http://www.aspentech.com/.   

[12] “Cost and Performance Baseline for Fossil Energy Plants,” Volume 1: Bituminous Coal and Natural 

Gas to Electricity Final Report, DOE/NETL-2007/1281, August 2007, available at 

www.netl.doe.gov/energy-analyses/pubs/Bituminous%20Baseline_Final%20Report.pdf.  

[13] Midcontinent Independent System Operator (MISO), “MISO Transmission Cost Estimation Guide,” 

May 5, 2023. Accessed Feb. 6, 2024. Available: 
https://cdn.misoenergy.org/MISO%20Transmission%20Cost%20Estimation%20Guide%20for%20MTEP23337433.pdf  

https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2020/
https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2020/
http://www.lazard.com/research-insights/2023-levelized-cost-of-energyplus/
http://www.eia.doe.gov/fuelelectric.html
http://www.eia.doe.gov/oiaf/aeo/assumption/pdf/electricity.pdf#page=3
http://www.eia.doe.gov/oiaf/aeo/assumption/pdf/electricity.pdf#page=3
http://www.eia.gov/forecasts/capitalcost/pdf/updated_capcost.pdf
http://www.eia.gov/forecasts/aeo/assumptions/pdf/table_8.2.pdf
http://www.eia.gov/forecasts/aeo/assumptions/pdf/table_8.2.pdf
https://atb.nrel.gov/
https://cdn.misoenergy.org/MTEP20%20Appendix%20E%20-%20Futures%20Assumptions485668.pdf
https://cdn.misoenergy.org/MTEP20%20Appendix%20E%20-%20Futures%20Assumptions485668.pdf
https://cdn.misoenergy.org/Series1A_Futures_Report630735.pdf
http://www.aspentech.com/
http://www.netl.doe.gov/energy-analyses/pubs/Bituminous%20Baseline_Final%20Report.pdf
https://cdn.misoenergy.org/MISO%20Transmission%20Cost%20Estimation%20Guide%20for%20MTEP23337433.pdf

