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Introduction

Rapid Growth of Solar PV Installations

17 GW of solar PV electric power generation capacity installed in
2010

250% increase relative to 2009 installation
Roughly equal to cumulative installations between 1970s and 2009

U.S. Solar PV industry benefits from:
30% investment tax credit
Accelerated depreciation schedule
Renewable Portfolio Standards, with specific solar targets

Massive entry into the global solar PV panel industry
40% drop in solar panel prices in 2011



Introduction

Three Main Questions - Joint Work with Michael Yorston

Question 1:
Is electric power generated by solar PV technology cost competitive
with that from fossil fuels?

Consider two alternative technologies and two scales:
Crystalline silicon and thin-film solar PV technologies
Utility scale (1MW+) and commercial scale (0.1 - 1MW)

Question 2:
What factors are most crucial in determining the cost competitiveness
of Solar PV?

Question 3:
Will a continuation of the cost reductions experienced in the past yield
’grid parity’ in the foreseeable future? Need for a ’technological
breakthrough’?



Cost Competitiveness of Solar PV Today

The Levelized Cost of Electricity (LCOE)

The 2007-MIT study on "The Future of Coal" provides the
following verbal definition:

"...the levelized cost of electricity is the constant dollar electricity
price that would be required over the life of the plant to cover all
operating expenses, payment of debt and accrued interest on initial
project expenses, and the payment of an acceptable return to
investors"

Fundamentally, LCOE is a break-even sales price (per kWh) needed
to justify an investment in a particular power generation facility.
Claim: LCOE can be interpreted as the long-run marginal cost



Cost Competitiveness of Solar PV Today

The LCOE as the Sum of Three Components

Proposition 1
The Levelized Cost of Electricity is given by: LCOE = w + f + c ·∆

LCOE accounts for all assets and resources needed to deliver one kWh:
w: unit variable operating cost

costs that scale with operations, such as fuel and labor
f : average fixed cost per kWh generated

scale invariant costs, such as operations and maintenance
c: cost of capacity for one kWh

solar panels and Balance-of-Systems (BoS) components
∆: tax factor

Impact of income taxes, investment tax credits and depreciation tax
shields



Cost Competitiveness of Solar PV Today

Input Parameters Chosen as ’best case but realistic’



Cost Competitiveness of Solar PV Today

Current LCOE Estimates

Proposition 2
The above parameters give rise to the following Levelized Cost of
Electricity estimates (in cents per kWh):

Utility-Scale Commercial-Scale
Silicon 7.97 12.17

Thin film 8.62 13.35

Conclusions
Commercial-scale PV already competitive in areas with high
commercial retail electricity rates → Southern California with
average commercial retail rates of $0.14 - 0.15/kWh
Utility-scale PV not yet cost competitive with fossil fuel based
electricity → Electricity cost from Natural Gas powered facility
about $0.058/kWh (wholesale price )
Silicon Crystalline and Thin Film are running ’neck-and-neck’



Sensitivity Analysis

Spider Chart

Cutting capacity factor in half roughly doubles LCOE
→ Insurmountable disadvantage for northern locations!



Sensitivity Analysis

Impact of Industry Factors and Federal Tax Subsidies

Estimate economically sustainable module prices by looking at
long-term history of price reductions for solar panels.

Proposition 2’
Our estimate of economically sustainable module prices raises the
Levelized Cost of Electricity figures in Proposition 2 by about 12-15%

Proposition 3
The Investment Tax Credit (ITC) and the 5-year Modified Accelerated
Cost Recovery System (MACRS) have the following impact on the
LCOE estimates for commercial-scale silicon PV (in cents per kWh):

5-year MACRS 20-year DDB
30% ITC 13.66 16.44
No ITC 20.86 24.12



Projecting Future Cost Reductions

Extrapolating Historic Learning Trends

Projecting LCOE for solar PV requires price projections for
modules and BoS cost
Analysis assumes:

1 Module prices adhere to historical rate of learning for next 10 years

2 BoS costs can be reduced by 7% per year throughout next decade



Projecting Future Cost Reductions

Capacity Projections

Analysis averages two projections for future capacity installations:
1 European Photovoltaic Industry Association (EPIA)
2 Lux Research, using a linear extrapolation of its estimates through

2016



Projecting Future Cost Reductions

LCOE Projections for the Coming Decade

Proposition 4
Our projected LCOE figures indicate that:

Utility-scale silicon PV will be cost competitive with natural gas
power plants by 2020
Commercial-scale silicon PV will attain grid parity within a
decade, even without the current federal tax subsidies



Conclusion

Concluding Remarks

In favorable U.S. locations, commercial-scale solar PV power
already cost competitive with retail commercial rates
LCOE of utility-scale PV currently 35 - 50% above comparable
cost of generation facilities powered by conventional fossil fuels
→ Could become viable generation technology without tax
subsidies by end of decade if historic 80% learning curve continues
Findings depend on both current federal tax subsidies for solar
power and an ideal geographic location for solar installation
→ Tax subsidies crucial to sustain new PV installations which, in
turn, ensure continued trajectory down the learning curve
→ No ’technological breakthrough’ required
Many promising avenues for refining this analysis, e.g., time-of-use
pricing and intra-day variations in power generation
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