Technology Projection 2. Renewable Energy Technologies

1. NREL Annual Technology Baseline 2020
NREL Annual Technology Baseline 2020 (ATB) projects CAPEX, fixed O&M costs, and variable O&M costs of renewable energy technologies. Table 1 summarized selected renewable energy technologies from ATB for this document. Other renewable technologies in ATB are Commercial PV, residential PV, CSP, hydropower, and offshore wind. ATB sets three projection scenarios to reflect the speed of technological innovation: Conservative, Moderate, and Advanced Scenarios. Table 2 qualitatively summarized these scenarios. 

Table 1: Selected Renewable Energy Technologies in ATB
	Technology
	Technology details

	Land-based Wind
	Wind Speed Class 1-10 with different CF, overnight costs

	Utility PV
	5 representative cities (Chicago, Daggett, Kansas City, LA, Seattle) with different CF, overnight costs, and fixed O&M costs

	Geothermal
	DeepEGSBinary, DeepEGSFlash, HydroBinary, HydroFlash, NFEGSBinary, NFEGSFlash with different CF, overnight costs, and fixed O&M costs

	Biopower
	CofireNew, CofireOld, Dedicated with different overnight costs, fixed O&M costs, and variable O&M costs



Table 2: Three Projection Scenarios
	Scenario
	Description on technological innovation

	Conservative
	· Today's technology with little innovation
· Continued industrial learning
· Decreased public and private R&D

	Moderate
	· Widespread adoption of today's cutting edge
· Expected level of innovation
· Current levels of public and private R&D

	Advanced
	· Markets success of currently unproven innovation
· New technology architectures
· Increased public and private R&D



ATB projects the capital costs, fixed O&M costs, and variable O&M costs. Except for biopower, renewable energy technologies have $0 variable O&M costs. All costs are given in 2018 USD. Any of these numbers do not include policy support such as subsidy. 




2. Land-based Wind
ATB projects the capacity factor and overnight costs of 10 wind classes. Wind classes are defined the average wind speed as summarized in Table 3. The capacity factor and overnight costs of 10 wind classes are summarized in Figure 1 and 2, respectively. 

Table 3: Wind classes in ATB
	Wind Classes
	Wind Speed Range (m/s)
	Weighted Average Wind Speed (m/s)
	Potential Wind Plant Capacity (GW)

	
	
	
	
	

	Class1
	> 9.0
	9.5
	153
	

	Class2
	8.8 - 9.0
	8.9
	152
	

	Class3
	8.6 - 8.8
	8.7
	304
	

	Class4
	8.4 - 8.6
	8.5
	606
	

	Class5
	8.1 - 8.4
	8.2
	1,222
	

	Class6
	7.6 - 8.1
	7.8
	2,404
	

	Class7
	7.1 - 7.6
	7.4
	2,444
	

	Class8
	6.5 - 7.1
	6.8
	2,441
	

	Class9
	5.9 - 6.5
	6.2
	2,406
	

	Class10
	0 - 5.9
	5.2
	3,044
	

	Total
	 
	 
	15,176
	

	Wind speeds presented in table are assumed to be 110 meters above the surface 
	



With technological advancement, the capacity factors of all wind classes improve under moderate and advanced scenarios. Most of the improvements occurs between 2018 and 2030. Under moderate scenarios, capacity factors improve by 4 % (class 1) - 17 % (class 9 and 10). 

[image: ]

Figure 1: Projections of capacity factor of 10 wind classes under three scenarios from ATB


The overnight capacity costs of 10 wind classes decrease under all three scenarios. Wind class 1 through 5 (8.1-8.4 m/s) have very similar cost projections. Under the moderate scenario, the overnight costs decline from around $1600/kW in 2020 to $1000/kW. Then, the lower the wind speed gets, the higher the overnight costs are. Cost reduction under the moderate scenarios are 34 % - 39 %.

[image: ]
Figure 2: Projections of overnight capital costs of land-based wind power in real $2018 of 10 wind classes under three scenarios from ATB

On the other hand, the fixed O&M costs are the same across 10 wind classes as shown in Figure 3. Under the moderate scenario, the fixed O&M costs linearly decrease from $42.5/kW-yr in 2020 to $33.1/kW-yr in 2050.

[image: ]
Figure 3: Projections of fixed O&M costs of land-based wind power in real $2018 under three scenarios from ATB


[image: ][image: ]
Figure 4: Comparison of ATB Projections of fixed O&M costs of land-based wind power in real $2018 with SWITCH and RESOLVE



3. Utility PV
ATB projects the capacity factor of 5 representative cities as summarized in Figure 5. The capacity factors of all cities improve under all scenarios, with technological innovation. Under moderate scenarios, capacity factors linearly improve by 11-17 % from 2020 to 2050. 
[image: ]
Figure 5: Projections of capacity factor of 5 representative cities under three scenarios from ATB

Overnight costs and fixed O&M costs projections are identical for all representative cities. Both costs decline by 49 % from 2020 to 2050. 
[image: ][image: ]
Figure 6: Projections of overnight costs (left) and fixed O&M costs (right) of utility PV in real $2018 under three scenarios from ATB
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Figure 7: Comparison of ATB Projections of fixed O&M costs of utility PV in real $2018 with SWITCH and RESOLVE







4. Geothermal
	Table 3: Geothermal Resource and Cost Characteristics
	
	
	

	 
	 
	Flash
	Binary
	 
	 

	 
	Temp (°C)
	>=200C
	150-200
	135-150
	<135

	Hydrothermal
	# identified sites
	21
	22
	17
	59

	
	Total capacity (MW)
	15,338
	2,991
	820
	4,759

	
	Avg OCC ($/kW)
	4,175
	8,829
	9,476
	17,757

	
	Min OCC ($/kW)
	3,000
	4,397
	7,444
	11,884

	
	Max OCC ($/kW)
	5,971
	38,720
	11,781
	25,934

	
	Example Plant OCC ($/kW)
	4,522
	5,870
	 
	 

	NF-EGS
	# sites
	12
	20
	 
	 

	
	Total capacity (MW)
	787
	596
	
	 

	
	Avg OCC ($/kW)
	11,429
	27,330
	
	 

	
	Min OCC ($/kW)
	9,026
	18,974
	
	 

	
	Max OCC ($/kW)
	18,797
	41,694
	 
	 

	
	Example Plant OCC ($/kW)
	14,486
	32,921
	
	 

	Deep EGS
 (3-6 km)
	# sites
	n/a
	n/a
	 
	 

	
	Total capacity (MW)
	100,000+
	
	 

	
	Avg OCC ($/kW)
	28,991
	65,081
	
	 

	
	Min OCC ($/kW)
	18,733
	40,515
	
	 

	
	Max OCC ($/kW)
	54,987
	96,405
	 
	 

	
	Example Plant OCC ($/kW)
	14,486
	32,921
	 
	 



ATB projects the overnight costs and fixed O&M costs of 6 geothermal power technologies. Table 3 summarized the resource and cost characteristics of those technologies. Figure 8 and 9 summarized the cost reduction of overnight costs and fixed O&M costs. Most of cost reduction in overnight costs occurs from 2020 to 2030. The overnight costs decline by 19 % (Hydro Binary) to 38 % (Deep EGS Flash and NF EGS Flash) from 2020 to 2050 under the moderate scenario. All of cost reduction in fixed O&M costs occurs from 2020 to 2030. The fixed O&M costs decline by 4 % (Hydro Binary) to 15 % (Deep EGS Flash) from 2020 to 2050 under the moderate scenario. 


[image: ]
Figure 8: Projections of overnight capital costs of geothermal power in real $2018 of 6 technologies under three scenarios from ATB

[image: ]
Figure 9: Projections of fixed O&M costs of geothermal power in real $2018 of 6 technologies under three scenarios from ATB


5. Biopower
ATB projects three biopower technologies as shown in Table 4. Unlike other technologies, biopower cost projection have only one scenario. 

Table 4: Biopower technologies in ATB
	Biopower Technologies

	Dedicated
	Dedicated biomass plant

	CofireOld
	Pulverized with sulfur dioxide (SO2) scrubbers and biomass co-firing

	CofireNew
	Advanced super critical with SO2 & NOx controls & biomass co-firing



Overnight costs projection of biopower technologies are summarized in Figure 10. Overnight costs almost linearly decline by 9 % (CofireNew and CofireOld) to 14 % (Dedicated) from 2020 to 2050. Fixed and variable O&M costs are constant during the study period. Fixed O&M costs of Dedicated and others are $123/kW-yr and $40/kW-yr, respectively. Variable O&M costs of Dedicated and others are $4.7/MWh and $4.4/MWh, respectively. 

[image: ]
Figure 10: Projections of overnight capital costs of biopower in real $2018 of 3 technologies
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