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Analysis Disclaimer
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DISCLAIMER AGREEMENT

These manufacturing cost model results (Data) are provided by the National Renewable Energy Laboratory 
(NREL), which is operated by the Alliance for Sustainable Energy LLC (Alliance) for the U.S. Department of 
Energy (DOE).

It is recognized that disclosure of these Data are provided under the following conditions and warnings:  (1) 
these Data have been prepared for reference purposes only; (2) these Data consist of forecasts, estimates, 
or assumptions made on a best-efforts basis, based upon present expectations; and (3) these Data were 
prepared with existing information and are subject to change without notice.

The names DOE/NREL/ALLIANCE shall not be used in any representation, advertising, publicity, or other 
manner whatsoever to endorse or promote any entity that adopts or uses these Data. 
DOE/NREL/ALLIANCE shall not provide any support, consulting, training, or assistance of any kind with 
regard to the use of these Data or any updates, revisions, or new versions of these Data.

YOU AGREE TO INDEMNIFY DOE/NREL/ALLIANCE AND ITS AFFILIATES, OFFICERS, AGENTS, AND 
EMPLOYEES AGAINST ANY CLAIM OR DEMAND, INCLUDING REASONABLE ATTORNEYS' FEES, 
RELATED TO YOUR USE, RELIANCE, OR ADOPTION OF THESE DATA FOR ANY PURPOSE 
WHATSOEVER.  THESE DATA ARE PROVIDED BY DOE/NREL/ALLIANCE "AS IS" AND ANY EXPRESS 
OR IMPLIED WARRANTIES, INCLUDING BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY DISCLAIMED.  
IN NO EVENT SHALL DOE/NREL/ALLIANCE BE LIABLE FOR ANY SPECIAL, INDIRECT, OR 
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER, INCLUDING BUT NOT LIMITED TO 
CLAIMS ASSOCIATED WITH THE LOSS OF DATA OR PROFITS, WHICH MAY RESULT FROM AN 
ACTION IN CONTRACT, NEGLIGENCE, OR OTHER TORTIOUS CLAIM THAT ARISES OUT OF OR IN 
CONNECTION WITH THE USE OR PERFORMANCE OF THESE DATA.
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The Value of Module Efficiency

• $0.05–$0.10/WDC /1% (absolute)
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Source: NREL internal cost model



Installation Cost Model Methodology

• First-hand data from industry stakeholders
o Installers
o System developers
o Utilities
o Module and other component manufacturers

…Supplemented with public data sources
o For example, Photon International module and inverter price surveys; RS Means labor 

rates and contractor overhead rates

• External review of results with stakeholders and industry 
analysts
o Review critical assumptions
o Compare results to completed and quoted projects, as well as public databases (e.g., 

CSI)

• Conduct sensitivity analyses (identify key cost drivers)
o Continuously review and revise
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Actual 2009–2010 project 
costs (under NDA)
• (40+) residential &
commercial rooftop

• 8 utility-scale projects
(all > 5 MW)



NREL PV System Price Model: Utility Scale

Modules
Inverters 
• Prefabricated storage shed

Installation Materials
• Racking and ground mounts (tracker)
• DC wiring, combiner boxes, disconnect, 

conduit, and connectors
• AC wiring, meter, monitoring, disconnect, 

conduit, and connectors

Land and Site Preparation
• Land purchase or lease
• Leveling, plant removal, sediment control, 

roads, fencing, and surface treatment

Installer Markup
• Inventory and contingency costs

Labor Content and Rates
• Labor type (electrical and hardware)
• Installation time per component
• Overhead
• Installer profit

Indirect Capital Costs
• Environmental permitting
• Grid interconnect (materials and labor)
• Sales tax

National Renewable Energy Laboratory                                                                                    Innovation for Our Energy Future5



Economies of Scale

• Trend towards larger system sizes and building block system designs
• Utility-scale benefits nearly fully realized at 20 MWDC
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NREL System Price Model: Q4 2010 Results

• Markup on all materials (module, inverter, and BoS) included in “Installer Overhead & Profit”
Residential $0.89/WDC, commercial $0.55/WDC, and utility (fixed-axis) $0.31/WDC

• Reflects inventory costs (interest during construction) and contingency
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Installation Materials

Utility-scale Hardware Costs
Mounting hardware
• Fixed-axis: $0.20/WDC

• 1-axis: $0.45/WDC

1.2 MW inverter-assembly
• (2) Inverters, preassembled
• Single 34.5 kV MV transformer

(~ 6,700 kg)
• Storage shed (pre-fabricated)
• Roads not needed for installation 

(80 hrs)
Utility DC and AC wiring costs
• Wiring: $0.15–$0.19/WDC

• Conduit and connectors: $0.05–
$0.07/WDC

Markup on materials
• Inventory costs, project delays,  and 

contingency
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Source: NREL internal cost model



Installation Labor

National Renewable Energy Laboratory                                                                                    Innovation for Our Energy Future9

Installation Labor Costs
Skilled electrical labor
• Role in utility-scale installations?
• Opportunities to integrate electrical 

assembly at factory?

Overhead rates > 3x national 
average for electrical contractors
• Reflects cost of permitting process?
• Design efforts?
• Customer acquisition costs?
• NREL data from inexperienced 

installers?

Source: NREL internal cost model



Indirect Installation Costs
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Indirect Project Costs
Environmental permitting
• $1 MM (CA SEQA)
Grid interconnect
• Utility scale: Substation materials 

and labor ($1.5–$3.0 MM, 69–230 
kV)

• Rooftop “commissioning” costs?
Land acquisition
• $500–$10,000/acre

o As high as $105K/acre (2008)
• 5–8 acres/MW 
Site preparation
• $5K–$25K/acre
• Leveling, hydrology, plant removal, 

roads, and sediment control

Source: NREL internal cost model



Summary and Discussion

Hardware and labor costs account for > ⅓ of system price
• Integrate electrical components and wiring at factories?  

Save on-site labor and hardware costs?
• Limited benefits associated with lightweight inverters?

Roads and concrete pad still necessary: Heavy MV transformers
• Cost benefits of higher DC voltages?

1,000 VDC to 1,500 VDC → 1.2 MWDC to 2.4 MWDC inverter blocks

Indirect project costs: 5%–11% of system prices
• Site preparation ~ 5x land acquisition cost

System and component designs to reduce preparation requirements?
• Commissioning costs?
• Permitting delays, opportunity to fast track standard system 

designs?
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APPENDIX
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Utility-scale PV: Uncertainty Analysis (1)

Regional cost differences
• Labor rates
• Installer productivity
• Permitting and delays
• Land costs
Technology selection
• Module efficiency
• Configuration
Economies of scale
• Project size (indirect costs)
• Installer purchasing power
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Utility-scale PV: Uncertainty Analysis (2)
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Source: NREL internal cost model
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