
 

  

 
Subject:   Renewable Energy Technology Costs and Drivers 
 
Provided herein is a preliminary, high-level summary of future and projected cost estimates for 1) 
Biofuels, 2) Solar (PV & CSP), and 3) Vehicle Batteries.  Cost estimates are dependent on various 
assumptions and can vary substantially.  The summary tables in this document present ranges of costs, 
and a supplemental spreadsheet is provided with sources used to develop these estimates.   
 
This document also provides additional information to complement the quantitative data by providing 
more background information on policy and other drivers impacting current, and projected, costs for 
these technology sectors.  In the final section, two NREL capacity expansion models are discussed as an 
example of how these and other data are used to develop scenarios of future electricity generation. 

1 Current and future renewable technology costs  
The current and projected future technology costs are for biofuels, solar photovoltaics (PV), 
concentrating solar power (CSP) and vehicle batteries are summarized in the sections below.  The cost 
tables for these technologies contain summary data from several sources, the details of which can be 
found in the supplementary spreadsheet.   

1.1 Biofuels 
The costs of biofuels are highly dependent on the type of feedstock as the feedstock is typically the 
dominant cost component for biofuel production (Tao and Aden 2009). Similarly, the largest 
component of the cost of power generation from biomass is the cost of the feedstock (Haase 2010).  As 
biofuel prices track with gasoline and diesel prices and feedstock prices typically track with other 
commodities, there have been several instances where the cost of feedstock has been high while the 
price of biofuels have been low, resulting in negative margins for producers. 
 
There are tradeoffs in scaling up biofuel production; savings gained from economies of scale are offset 
by an increase in feedstock transportation costs because the more feedstock a company requires for its 
plants, the farther it will have to go to acquire that feedstock (Aden et al. 2002). Based on NREL 
modeling, the capital costs of an ethanol plant with corn stover feedstock are estimated to decrease by 
an exponent of 0.7 as a function of size (Aden et al. 2002).

1
 Based on the same analysis, the optimum 

minimal plant size is from 2,000 to 4,000 metric tons (MT) per day.  While cost savings still occur when 
increasing the size up to 6,000 to 8,000 MT per day (i.e. the savings resulting from economies of scale 
are greater than the increase in feedstock acquisition costs), increasing the plant from 8,000 to 10,000 
MT per day does not generate any additional cost savings.  NREL models use 2,000 MT per day 
(Ashworth 2010).  The distance to where the feedstock is harvested and the cost per ton-mile to 
transport the feedstock (includes the feedstock density, the maximum amount that can be transported 
per load, and the road infrastructure which affects the speed and reliability of transport) will impact 
feedstock acquisition costs (Aden et al. 2002). 
 

                                                      
1
 See Aden et al. 2002 for assumptions and additional information. 



 

The main components focused on for reducing the costs of biochemical processing are feedstock cost, 
cost of the enzymes and capital costs for the plant (Ashworth 2010).  For thermochemical processing 
using gasification, improvements in the catalysts are being focused on as a way to bring down costs.  
For thermochemicla processing using pyrolysis, the goal is to be able to readily produce pyrolysis liquids 
with low oxygen content and a low total acid number.   
 

Biofuel (feedstock) 
Feedstock as a % of Total 

Production Costs 
Notes 

Biodiesel (soybeans)
 

75%-95%
1 Depends on price of soybeans (this range represents 

prices from $0.10/lb-$0.88/lb) 

Ethanol (corn)
 

60%
1 

Between 2002 and 2006, the proportion of cost 
associated with the feedstock dropped from 80%-60%, 
in part due to an increase in capital costs 

Ethanol (sugarcane)
 

27%
1 

Estimated to be as low as 27% in Brazil. Modeling for 
production in the US puts estimates around 60%, 
although the US does not currently use sugarcane as a 
feedstock. 

Ethanol (cellulosic)
 

30-40%
2 

Capital costs are higher than for biofuel production 
from other feedstocks due to increased processing 
costs. 

Source: 1) Tao and Aden 2009; 2) Aden 2010 

 

Advanced Biofuels 

         

   Current (2008 - 2010)  Near Term  (2012 - 2017)  Forecast (2020 +) 

           

Biodiesel - US - Cost ($/gal)   3.04         

Biodiesel - US - Production (MMgal/yr)   700   1,000     

Biobutanol - US - Production (MMgal/yr)   0   355     

Advanced Diesel - US - Production (MMgal/yr)       384     

Synthetic Jet Fuel - US - Production (MMgal/yr)       75     

Synthetic Petroleum - US - Production (MMgal/yr)       428     

All Synthetics Excluding Algae - US - Production (MMgal/yr)       1,375   5,245 

 
 

Cellulosic Ethanol Cost Estimates 

         

   
Current (2008 

- 2010) 
 

Near Term  
(2012 - 2017) 

 
Forecast 
(2020 +) 

           

Cost to Customer ($/gal) - US   2.30 - 5.00   1.07 - 1.76   1.20 - 1.50 



 

Feedstock Cost - Corn ($/bushel) - US   3.15 - 3.75   5.00     

Feedstock Cost - Woody Biomass ($/dry ton) 
- US 

  35 - 40   50 - 70     

Production (Bn Liters) - Global   66         

Production Capacity (Bn Liters) - Global   100 - 110   127     

Production Potential for Sugar-Based (Bn 
Liters) - Global 

      123     

Conversion Yield (gal/acre) - US   300 - 335   800   1,500 

Conversion Yield (gal/metric ton) - Brazil   169         

Conversion Yield (gal/Dry Ton) - US   63 - 83   73 - 90   100 - 174 

Capex ($/gal) - US   4.15 - 8.00   5.00   3.00 - 4.34 

 

1.2 Solar 
 

1.2.1 Solar Photovoltaic (PV) 
While costs vary based on technology and system size, the module accounts for about 50% of the total 
installed cost of a PV system (Price and Margolis 2010).  From 1998 to 2008, the global decline in 
installed PV costs is attributable primarily to non-module costs including reductions in costs associated 
with inverters, other hardware, labor, permitting and fees, shipping, overhead and profit.  Further, 
certain regions that have experienced strong market growth are seeing reduced installed costs due to 
benefits from economies of scale.  The price premium for higher efficiency modules is estimated to be a 
$.10 increase in price per a 1% increase in efficiency.  O&M costs are not well tracked making it difficult 
to determine their impact on the life-time costs of a PV system.  Based on limited studies, O&M costs 
are estimated to range from 0.12% to 5%-6% of installed system costs for utility-scale generation and 
off-grid residential hybrid systems respectively (as summarized in Price and Margolis 2010).  For 
interconnected systems, inverter replacement costs are the dominant O&M costs as they are likely to 
be replaced 2-3 times during the lifetime of the PV system and can be 6-9% of the initial total installed 
costs. 
 
From 2004 until about 2008, the supply of polysilicon, a main component in conventional crystalline PV 
cells, was constrained and costs of polysilicon more than doubled (Price and Margolis 2010).  Due to 
new production capacity coming online in 2008, silicon utilization improvements in the industry and the 
expectation that the cost of polysilicon with fall further, this material no longer is as much of a cost 
driver as it had been over the past four years. Polysilicon is not considered to be a potential constraint 
for thin-film PV as it uses at least 100 times less silicon than conventional crystalline cells.  However, 
there is concern regarding potential supply constraints of the rare metals indium, gallium and tellurium 
that are used for thin-film technologies.  Glass use by the PV industry could potentially grow to 5% of 
the total glass market by 2012, putting additional pressure on the rolled-glass (high quality) market that 
cannot currently meet the needs for this quality of glass.  The remaining glass needs are met by the 
float-glass markets. 
 

Solar PV Cost Estimates 

         



 

   
Current (2008 

- 2010) 
 

Near Term  (2012 
- 2017) 

 
Forecast 
(2020 +) 

           

Production (GW) - Modules - Global   6.79 - 6.90   23.7     

Production Capacity (GW) - Global   12.6   12.0 - 30.0     

Shipments of PV Cells/Modules (GW) - Global   5.5         

Cumulative Installed Capacity (GW) - Global   13.9         

PV Module Price ($/W) - Global   2.45 - 3.72         

PV System Price ($/W) - Global   4.21 - 6.08         

Silicon Utilization Rate (grams/W) - Global   8.7   7.5     

Polysilicon Spot Price ($/kg) - Global   100 - 150   50 - 75     

Polysilicon Contract Price ($/kg) - Global   68   52 - 60     

Polysilicon Production (1,000 metric Tons) - Global   90 - 150   157 - 203     

LCOE ($/kWh) - Rooftop PV - Low Latitudes - Global   0.20 - 0.40         

LCOE ($/kWh) - Rooftop PV - Mid Latitudes - Global   0.30 - 0.50         

LCOE ($/kWh) - Rooftop PV - High Latitudes - Global   0.50 - 0.80         

Capacity Factor - Average for PV (%) - Global   18 - 26         

Module Efficiency (%) - Crystalline Silicon - Global   12.0 - 17.5   16.0 - 24.0     

Module Efficiency (%) - Thin Film - Global   6.5 - 10.4   8.8 - 13.5     

Price ($/W) - High Efficiency Monocrystalline Si - 
Global 

  3.83         

Price ($/W) - Multicrystalline Si - Global   3.43         

Price ($/W) - a-Si Thin Film - Global   3         

Price ($/W) - CIS/CIGS Thin Film - Global   2.81         

Price ($/W) - CdTe Thin Film - Global   2.51         

Manufacturing Cost ($/W) - High Efficiency 
Monocrystalline Si - Global 

  2.24         

Manufacturing Cost ($/W) - Multicrystalline Si - 
Global 

  2.12 - 3.11   1.30 - 1.50     

Manufacturing Cost ($/W) - a-Si Thin Film - Global   1.8         

Manufacturing Cost ($/W) - CIS/CIGS Thin Film - 
Global 

  1.20 - 1.30   0.70 - 0.80     

Manufacturing Cost ($/W) - CdTe Thin Film - Global   1.10 - 1.25   0.80 - 0.90     

O&M ($/kWh) - Utility Scale - Global   0.004         

O&M ($/kWh) - Grid-Connected Residential – 
Global 

  0.07         

1.2.2 Concentrating Solar Power (CSP) 
The primary construction materials for CSP facilities are concrete, steel and glass (Price and Margolis 
2010).  Although there are currently no supply constraints for these materials, the costs track with 
commodity prices and can be volatile.  As such, the cost of steel can be a substantial determinant in the 
cost of a CSP facility. The potential for supply constraints for CSP components exists because there are a 
limited number of companies that produce these components and the construction pipeline is long, 



 

hindering the ability of these companies to ramp up production quickly if demand increases rapidly.  
Similarly, if demand increases quickly, there may be labor shortages.   
 
There are four types of CSP technology currently under development: parabolic trough technology, 
power tower technology, dish-engine technology

2
 and linear Fresnel reflector technology. Installed 

costs and the proportion of costs attributed to specific components vary by technology.  For a generic 
parabolic trough system, approximately 50% of the installed costs are associated with the solar field 
components which include receivers, mirrors (reflectors), structural support, drivers and the foundation 
(Pitz-Paal et al. 2005).  Another 30% of the costs are associated with the power block and storage 
technologies (22% and 8% respectively).  The reflectors (heliostats) used in power tower technology 
comprise 40% of the capital costs (Price and Margolis 2010).  Also, if improvements in heat transfer 
fluids (HTF) are achieved, the levelized cost of electricity (LCOE) from all CSP technologies is expected to 
decrease. 
 
Thermal energy storage (TES) options are currently in limited use.  TES allows for energy generated at 
CSP plants to be stored and dispatched outside of the hours of direct normal insolation (Price and 
Margolis 2010).  There are both direct and indirect TES options.  Currently, direct TES practices involve 
storing pressurized steam, dispatching the stored steam directly to the turbine generator to generate 
electricity.  The high cost of pressurized vessels inhibits significant amounts of storage on a single site; 
in practice, direct TES allows for an extra 30-60 minutes of generation (Richter et al. 2009). Indirect TES 
involves using the HTF to heat the storage medium, typically salt, and then transfer the stored heat 
back to the HTF to heat water to generate steam to drive the turbine generator.  Indirect TES using 
molten salt as a storage medium can extend generation 7-8 hours beyond the hours of direct normal 
insolation, resulting in up to 16 hours of generation per day (Bullard 2008; Price and Margolis 2010).  
Indirect TES requires an additional heat exchange unit, a costly technology (Richter et al. 2009).  
Although adding TES increases the initial capital costs, the LCOE is expected to decrease with TES when 
compared to CSP plants without TES due to the increased capacity factor and improved utilization of 
the power block (Price and Margolis 2009).   
 

CSP Cost Estimates 

         

   
Current (2008 

- 2010) 
 

Near Term  
(2012 - 2017) 

 
Forecast (2020 

+) 

           

Installed Capacity (MW) - Global   430   1.5 - 17.5     

Projected Installed Capacity (GW) - India       1.00   Up to 15,815 

Projected Installed Capacity (GW) - Global       Up to 24,468   Up to 830,707 

Cost of Electricity ($/kWh) - US   0.11 - 0.18         

Cost of Electricity ($/kWh) - Global   0.12 - 0.29         

Capacity Factor - Thermal Plants without 
Storage (%) - Global 

  22 - 36         

Capacity Factor - Thermal Plants with Storage 
(%) - Global 

  40         

                                                      
2
 A commercial dish-engine system has not yet been built. 



 

Plant Cost ($/kW) - Global   3,703 - 4,794   3,230 - 3,400   2,280 - 3,000 

Operating Cost ($/kWh) - Global   0.03 - 0.04         

Fixed O&M ($/yr/kW)   34.11 - 56.79         

Annual Global Radiation (kWh/m
2
) - India   1,600 - 2,200         

 

1.3 Battery Technology for Vehicles 
There are a variety of battery technologies currently under development for vehicle application.  The 
two main batteries currently used or being tested for vehicles are NiMH and Li-ion batteries (Daniell 
2007).  NiMH batteries require 8 times more nickel than corresponding lithium batteries and are 
approximately 28% nickel by weight, resulting in potential battery cost sensitivities to the price of 
nickel.   
 
Evaluating the five main types of Li-ion batteries based on six criteria (specific energy, specific power, 
safety, performance, life span and cost) demonstrates that no single technology excels in all areas 
(Dinger et al. 2010).  For example, while Li-ion batteries using cobalt for the cathode excel in terms of 
specific energy and specific power, there are safety concerns with using cobalt cathodes in vehicle.  Li-
ion batteries with iron phosphate cathodes score high in terms of safety, but cannot yet meet the 
specific energy and specific power needs of the vehicle industry. 
 
A study of four different Li-ion batteries found that the manufacturing costs breakdown in the following 
way: 46% materials; 17% purchased items; 10% depreciation; 7% profit; 6% direct labor; 5% R&D; 5% 
general, sales and administration; and 4% variable overhead (Nelson et al. 2009).

3
  Li-ion batteries have 

historically used cobalt cathodes but can use other materials for cathodes including iron phosphate, 
manganese oxide, mixed oxides with nickel or vanadium oxide.  Replacing cobalt cathodes with iron 
phosphate cathodes is estimated to reduce the cathode cost from 50% to 10% of the total materials 
cost (Jugovic and Uskokovic 2009). However, this technology is not currently being used commercially 
(Li et al. 2009).  
 
Furthermore, due to the limited demand for these types of batteries, it is expected that substantial 
economies of scale can be gained once the market demand expands.  It is estimated that 70%-75% of 
the battery cell costs are “volume dependent” and, once a critical market size is achieved, there will be 
a substantial drop in the costs of the batter cell (Dinger et al. 2010).  At low volumes, the battery cost to 
the original equipment manufacturer (includes manufacturing the components, cell, module, and pack) 
breaks down to approximately: 12% active materials, 32% purchased parts, 11% direct labor, 14% 
depreciation, 14% R&D, 4% scrap, and 13% markup.

4
  Low initial production rates result in a cost 

barrier, inhibiting new technology growth (Nelson et al. 2009). 
 

Batteries for Vehicles 

                                                      
3
 This model assumes 100,000 battery packs manufactured at the plant per year.  If the total is reduced 

to 10,000 packs per year, the unit costs of the battery would be 60%-80% higher (Nelson et al. 2009). 
4
 This specific analysis was completed based on a 15-kWh lithium-nickel-manganese-cobalt battery and 

annual plant production of 50,000 cells and 500 batteries.  See Dinger et al. 2010 for additional 
assumptions and further information. 



 

         

   Current (2008 - 2010)  Near Term  (2012 - 2017)  Forecast (2020 +) 

           

Cost ($/kWh) - NiMH - Global   400 - 600         

Cost ($/kWh) - Li-ion - Global   800 - 2,000         

Cost ($/kWh) - Cells - Global   650 - 790       270 - 330 

Cost ($/kWh) - Battery Pack - To OEM - Global   990 - 1,220       360 - 440 

Cost ($/kWh) - Battery Pack - To End User - Global   1,400 - 1,800       570 - 700 

Specific Energy (kWh/kg) - Li-ion - Global   6         

Energy Density (Wh/kg) - Battery Pack - Global   80 - 120         

Power (W/kg) - Li-ion - Global   300         

Driving range (Kilometers) - Global   250 - 300         

Cost of Installing Charging Infrastructure ($ Bn) - Global           20 

 

2 Capacity expansion modeling 
The following sections describe two capacity expansion models developed by NREL that use projections 
of cost data based on policy and technology developments to develop profiles of the electricity 
generation makeup in the United States and to assess the impact of input uncertainty on those 
projections. 
 

2.1 ReEDS Model5 
NREL’s Regional Energy Deployment System (ReEDS) model optimizes the regional expansion of electric 
generation and transmission capacity in the continental United States over the next 50 years. It 
analyzes the critical energy issues in today's electric sector with detailed treatment of the full potential 
of conventional and renewable electricity generating technologies as well as electricity storage. ReEDS 
differs from other capacity expansion models in that it has a highly discrete regional structure and for 
its stochastic treatment of the impact of variability of wind and solar resources on capacity planning 
and dispatch. Major decision variables include capacity of conventional sources, renewables, and 
storage along with transmission; and dispatch of conventional capacity and storage. The primary 
outputs of ReEDS are the amount of capacity and generation of each type of prime mover—coal, 
natural gas, nuclear, wind, etc.—in each year from 2006 to 2050.  

The major conventional electricity generating technologies considered in ReEDS include: hydropower; 
both simple- and combined-cycle natural gas; several varieties of coal; oil/gas steam; and nuclear. 
These technologies are characterized in ReEDS by their:  

 equipment lifetime (years) 

 capital cost ($/MW) 

 fixed and variable operating costs ($/MWh) 

                                                      
5
 Information taken directly from the ReEDS website: http://www.nrel.gov/analysis/reeds/.  

http://www.nrel.gov/analysis/reeds/


 

 fuel costs ($/MMbtu) 

 heat rate (MMbtu/MWh) 

 escalation in operating costs and heat rates with plant aging (%/year) 

 construction period (years) 

 financing costs (nominal interest rate, loan period, debt fraction, debt-service-coverage ratio) 

 tax credits (investment or production) 

 minimum turndown ratio (%) 

 quickstart capability and cost (%, $/MW) 

 operating reserve capability 

 planned and unplanned outage rates (%). 

Renewable and storage technologies are governed by similar parameters, accounting for fundamental 
differences, of course. For instance, heat rate is replaced with round-trip-efficiency for storage 
technologies, and the dispatchability parameters—fuel cost, heat rate, turndown ratio, quickstart, and 
operating reserve capability—are not used for non-dispatchable wind and solar.  

ReEDS utilizes geographic information systems (GIS) data to assign cost and performance data to areas 
with renewable energy resource potential. For more detail on ReEDS’ base cast cost data, please see: 
http://www.nrel.gov/analysis/reeds/pdfs/reeds_chap_2.pdf 

For more information on the ReEDS model, please visit the following website: 
http://www.nrel.gov/analysis/reeds/ 

2.2 SEDS Model6 
The Stochastic Energy Deployment System (SEDS) model is a capacity-expansion model of the U.S. 
energy market with the ability to forecast to 2050. The motivation for developing the SEDS model is to 
create an energy modeling capability that explicitly takes into account all known uncertainties. SEDS can 
be operated either deterministically or stochastically. When operated deterministically, SEDS uses a 
single value instead of the input-probability distributions for the uncertain parameters. In this mode, 
the results are immediate and informative, in terms of how the model responds to different inputs and 
assumptions. However, incorporating uncertainty into an energy market model conveys significantly 
more information than a single point estimate. When operated stochastically, SEDS uses Monte Carlo 
simulations to make a number of sweeps through the time period. In each sweep, the random variables 
are sampled using a Latin Hypercube approach that improves on a standard Monte Carlo simulation. 
SEDS is being developed with a commercially available software package, Analytica, designed to 
facilitate the development of stochastic models.  
 

The data used in the SEDS model include the following: 

• Engineering/economic costs and efficiencies 
• Endogenous technology change through learning curves 
• Base, intermediate, and peak power markets 

                                                      
6
 Information taken directly from NREL’s Crosscutting Analysis Models and Tools website: 

http://www.nrel.gov/analysis/analysis_tools_cross.html.  

http://www.nrel.gov/analysis/reeds/pdfs/reeds_chap_2.pdf
http://www.nrel.gov/analysis/reeds/
http://www.nrel.gov/analysis/analysis_tools_cross.html


 

• Market share for new capacity/retrofits 
• Renewable energy supply curves 
• Least cost dispatch 
• Planned and economic plant retirements 

Market drivers include: 

• Policy/environment (climate change, Production Tax Credit [PTC], nuclear, etc.) 
• Fossil fuel prices 
• Technological advances (e.g., $/kW, capacity factor) due to R&D and learning 
• Economic factors (electric demand, growth, elasticity) 

For more information on the SEDS model, please visit 
http://www.nrel.gov/analysis/analysis_tools_cross.html 

3 Resources and References 

3.1 Example DOE and Laboratory Reports and Resources 
DOE/EERE Maps and Data Page. Select data available on the EERE Web site for renewable energy 
technologies, including biomass, crosscutting, geothermal, hydrogen and fuel cells, solar, and wind. 
http://www1.eere.energy.gov/maps_data/renewable_energy.html 
 
Solar Technologies Market Report.  This report includes data on market penetration; industry trends; 
cost, price, and performance trends; policy and market drivers; as well as future outlook for solar 
energy technologies.  
http://www.nrel.gov/docs/fy10osti/46025.pdf 
 
Energy Technology Cost and Performance Data.  This chart indicates the range of recent cost estimates 
for renewable energy and other technologies. The estimates are shown in dollars per installed kilowatts 
of generating capacity.  
http://www.nrel.gov/analysis/costs.html  
 
Alternative Fuels and Advanced Vehicles Data Center. This Ethanol subsite represents a joint effort of 
the U.S. Department of Energy's Biomass and Vehicle Technologies Programs and covers the entire 
production cycle of ethanol, from the field to the fuel tank.   
http://www.afdc.energy.gov/afdc/ethanol/index.html 
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 Note that references for cost data tables are provided in the supplementary spreadsheet. 
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