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Almost 90% is traceable to THE PROBLEM
energy consumption

Residential 5%

Commercial 6%

Transportation 29%
Agriculture 9%

Industry 22%
Electricity 28%

Green House Gas Emissions per Sector

World Energy
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Renewable/vear AL finite
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“Solar PV is rapidly becoming the least B I G SO LUTI 0 N
expensive technologies to generate

electricity on a pure energy (kWh) basis” C H EAP SO LUTI 0 N

(Fortune Magazine)

12

Mean PV module retail price S/Watt
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.... but not growing as fast and smartly as it could

1987 1993 1999 2005 2011
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INTRADAY

INTERMITTENT FIRM/DISPATCHBLE
Marginal Position Grid-Dominant Position

\/

Utility - Solar industry opposition
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‘ = & ’ == OVERBUILD & CURTAILMENT

Implicit storage

Energy Storage NOT MONETIZABLE

INTERMITTENT :> 2; FIRM/DISPATCHBLE 24/7/365

Firm PV KWh 2040

Storage/PV Synergy MISO: 55% PV 40% wind 5% n.gas
Affordable Sweet Spot 4.6 cents / kWh
Subtropical Island Grid: 100% PV
5.5 cents /kWh
Italy: 52% PV, 30% wind, 10% hydro, 8%
a4 n.gas
4.4. cents per kWh

‘Below Grid Parity’
urtailment with PV Oversizing

Storage Cost
contribution to
premium

Firm LCOE premium
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The solutions is more dependent on policy than technology

1. Monetize firm kWh instead of unconstrained kWh

L J

|

Embed storage, curtailment
and geographic dispersion in
remuneration.

Firm/diapatchable PPAs
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The solutions is more dependent on policy than technology

1. Monetize firm kWh instead of unconstrained kWh

2. Firm power generation with respect to the
Evolve from a customer-driven PV deployment and management process
...to a grid-operator driven process
This does not preclude developer/customer ownership
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Customer-Driven Solar
Marginal Solar

© Perez et al.,



Customer-Driven Solar
Marginal Solar

NSIRZER©)

IS TRIS TIHE BEST WAY 10 BIG S@M&R@

Net Metering 30% FedITC 25% NYSITC NYS rebate $1/Watt EV Rebates Low-interest financing
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Customer-driven
SOLAR AT THE MARGIN FOR SOME

Cities, Industrial, Commercial
ABSENT: BIG SOLAR FOR ALL
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1. Monetize firm kWh instead of unconstrained kWh
Embed storage + overbuilding

2. Firm power generation with respect to the grid
Grid operator management
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8,500 sg.miles PV

22 x 10%km?

How Much Space?

UsS

Shrub/Scrub
Cultivated Crops
Herbaceous
Evergreen Forest
Deciduous Forest
Hay/Pasture
Open Water

Woody Wetlands

Developed,
Open Space

Mixed Forest

Developed:

Low Intensity
Wetlands: Emergent
Herbaceous

Barren Land

Developed:
Medium Intensity

Developed:
High Intensity

~ Perennial Snow/Ice

CONUS Land Cover Categories 10% km?
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We are already using twice electricity

that for hydropower.....
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24693 km?

MAINE

MISO: 55% PV 40% wind 5% n.gas
>>> 4.6 cents / kWh
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24693 km?

MAINE 100% PV

MISO: 40% wind 5% n.gas
>>> 4.6 cents / kWh
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MAINE 100% PV

1. Monetize firm kWh instead of unconstrained kWh
Embed storage + overbuilding
2. Firm power generation with respect to the grid
Grid operator management
3. Local/State/Regional/National planning: Where to deploy
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