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The Value of Grid-Connected

Photovoltaics
* PV Value Components

— Energy and Generation

e Offset of fuel and O&M from other plants
— Capacity

* Reduce need to run high cost plants during peak
— Transmission and Distribution

 Distributed PV reduces infrastructure and losses
— Reactive Power Support

* Eliminates the need for capacitors to support VAR
— Environmental Benefits
— Other

* Disaster recovery (black-start) and other ancillary benefits
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Overview of U.S. Solar Policies

* Net Metering
* Feed in Tariffs

e Renewable Portfolio Standard — Solar Carve
Out

e Community Solar
 Federal Tax Credit
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Basic Net Metering

* Customer is billed based on net usage

* Customer receives a credit equal to the full retail rate for all
excess kWh

* Creditis applied to kWh charges in future months and unused
credits carry forward indefinitely

e Customer will pay monthly customer charge or system access
fees
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Feed-In Tariff Definition

* Feed-in Tariff (FIT)*: A renewable energy policy that typically
offers a guarantee of:

1. Payments to project owners for the total amount of
renewable electricity they produce;

2. Access to the grid; and
3. Stable, long-term contracts (15-20 years)

* This revenue may pay for:
— Electricity sales, or
— Electricity sales + RECs

* Also called fixed-price policies, minimum price policies, standard offer
contracts, feed laws, renewable energy payments, renewable energy
dividends, advanced renewable tariffs and standard offer contracts.
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Detroit Edison Phase |

SolarCurrents Pilot Program

Available to DTE retail customers
Solar PV only
Limited to 5 MW capacity
— At least half reserved for residential customers
— System size limited to between 1 and 20 kW
— Fully subscribed in May 2011
Contract term of 20 years
Pre-payment for 2 RECs
— Company will pay $2.40/Watt (~half of installed cost)
Production based payment for remaining RECs
— Ongoing payments of $0.11/kWh

Add-on to net metering; only category 1 net metering systems
qualify (20 kW or less).
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Detroit Edison Phase Il

SolarCurrents Pilot Program

 Program Same as Phase | except:

e Limited to 2 MW capacity
— Awarded through four 500 kW random selection tranches

« Contract term of up to 16.5 years

* Residential
— Pre-payment for %2 RECs
« Company will pay $0.20 Watt
— Production based payment for remaining RECs
» Ongoing payments of $0.03/kWh
* Non-Residential
— Pre-payment for %2 RECs
« Company will pay $0.13 Watt
— Production based payment for remaining RECs
» Ongoing payments of $0.02/kWh
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Consumers Energy
Experimental Advanced Renewable Program

* Available to CE Retail Customers
e Similar to SolarCurrents limited to Solar PV only

e Limited to 2 MW capacity
— Fully subscribed in the first month

* Contract term of up to 12 years

* Prices vary based on customer class and when
system is available (range: 65 to 37.5¢/kWh)

 No net metering. Separate generation meter.
 Consumers will own energy, capacity and RECs.
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Consumers Energy Expanded
Experimental Advanced Renewable Program

* Available to CE Retail Customers
e Solar PV only
* Limited to 3.25 MW capacity
— Awarded through random selection tranches
* Contract term of up to 15 years

* Prices dynamic and responsive to previous tranche
Interest

— Range: $0.26/kWh to S0.20/kWh
— Bonus: $0.01/kwh for Michigan labor Michigan material

 No net metering. Separate generation meter
Consumers will own energy, capacity and RECs.
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RPS Solar Carve Out

7

Renewable Portfolio Standard Policies

with Solar / Distributed Generation Provisions
WA: double credit for DG

OR: 20 MW solar PV x 2020;
double credit for PV

electric

CO: 3.0% DG x 2020 . 3
1.5% customer-sited x 2020 ]':JLZ 5];,'/05 I;oGP:vxzzoI;?SS

NV: 1.5% solar x 2025;
2.4 - 2.45 multiplier for PV

UT: 2.4 multiplier
for solar-electric

electric x 2021

www.dsireusa.org / January 2013

MI: triple credit for solar-

[Z

' OH: 0.5% solar-
electric x 2025

£
“’
WV: various

MO: 0.3% solar- multipliers

NH: 0.3% solar-
electric x 2014

| MA: 400 MW PV x 2020 |

NY: 0.4092% customer- a
sited x 2015

NJ: 4.1% solar-
electric x 2028
[ PA: 0.5% PV x 2021 |

DE: 3.5% PV x 2026; .l.
triple credit for PV

NC: 0.2% solar | MD: 2% solar x 2020 | (‘
‘ x 2018 [DC: 2.5% solarx 2023 | (B
p TX: double credit for non-win
> (non-wind goal: 500 MW) 16 states +
D Washington DC have
P Renewable Portfolio
. Renewable portfolio standard with solar / distributed generation (DG) provision Standards with Solar
. Renewable portfolio goal with solar / DG provision and/0|_' DIStI‘Ibl-It-ed
_'_ Delaware allows certain fuel cell systems to Generation provisions
a Solar water heating counts toward solar / DG provision qualify for the PV carve-out
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Michigan’s Renewable Energy Standard

2008 PA 295, cited as the Clean, Renewable and Efficient
Energy Act (Act), requires Michigan electric providers to
provide customers with at least ten percent of their
electricity from renewable energy sources by 2015.

* Electric providers will meet these requirements through the
purchase and/or production of Renewable Energy Credits
(RECs).

* The Act provides for 2 Bonus Incentive RECs for Solar
installations.

* The Renewable Energy Standard also applies to alternative
electric suppliers.
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http://www.legislature.mi.gov/documents/2007-2008/publicact/pdf/2008-PA-0295.pdf

What is Community Solar and Why?

A voluntary program in which multiple community
members own or receive other benefit from a solar
installation. (Some models may be considered “remote”
or “virtual” net metering)

1. Individuals rent their homes

Associations prohibit solar

No desire to perform maintenance

Home does not have a conducive location for solar
Initial investment is too costly
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Administered by
Owned by

Financed by

Hosted by

Subscriber Profile

Subscriber Motive

Long-term Strategy of
Sponsor

Examples

Community Solar
COMPARISON OF MODELS

Urility

Utility or 3rd party
Utility, grants, rate payer
subscriptions

Utility or 3rd palrty
Electric rate payers of
the utility

Offset personal
electricity use

Offer solar options

Add solar generation
[possibly for Renewable
Portfolio Standard)

Sacramento Municipal
Utility District — Solar-
Shares Program

United Power Sol
Partners

Special Purpose Entity
SPE members

Member investments,
grants, incentives

3rd party

Community investors

Return on investment;
Offset personal
electricity use

Sell system to host

Retain for electricity
production for life of
system

University Park
Community Solar, LLC

Clean Energy Collective,
LLC

MNon-profit
MNon-profit

Donor contributions,
grants

MNon-profit

Donors

Philanthropy

Retain for electricity
production for life of
system

Solar for Sakai

Source: http://www.nrel.gov/docs/fy110osti/49930.pdf Published November 2010

3PS C

MICHIGAN PUBLIC SERVICE COMMISSION



http://www.nrel.gov/docs/fy11osti/49930.pdf

Community Solar

Ly
= Parmicipant receives an

Special Purpose Emtity
= SPE sells the electricinyg o

Morn-profit

Electricity from Solar = Mon-profit owner usas on-

System estimated or actual KWh the wtility [FPA] site and net-meters
credit for their portion = SPE sells the electricinyg to
of project [wirtual met the systermn host [554] = NMon-profit owner assigms
metaerimgl = SPE assigns KWh to wtility o wtility aaccounts per
ICCOWNTS Per agreerment apraament with wtility
= Parmicipant recehves o wwith wtility [wvirbezl men wirbual net metaring]
momatany credit for the metaering]
walwe of prodwctiom for = Electricimy finoamm the = Eleciwricity from e
their portion of the project system is neted against system is netted against a
SPE mvembers” grougp bill growp bill
Renewable Energy - Aszipned o participants = Rigints to RECs sold ups- = Rights o RECs sold up-
Credits = Retired on participants’ front front

Fedearal Tax Credits amd -
Deductions

-

-
Accelerated =

Depreciation [ MACRS]

State amnd Utility =
Rebates and Incentives

behialf
Retaimed by the utiliny

Heithear the commercial
ITC rvor the residential
remewy able amergy tas
credit is available v
participants

IF e utility has a tox

appetite, it may wse the
Ccommencial IMC

Homaliz ation acoowntdng
rules will impact the value
of e ITC for regulated
utilities

Mot owvailable to
participants

Ay i esbhor—owened winliy
may be abla to use MACRS,
prowided they owen the
sSystam

To qualifiy for MACRS,
regulated utilities mwust uss
normalization acoountimg
Utilimy may quaalify and
usea rebartesSTncentives

to buy dowwn the project
costs;, benefits are
imdirecthy passad on to
participants

REC=s sold omn an aon-going
basis

Retainad for partacipants
SPE can pass banafits of
Commercial IMTC twrowgh to
parmcipants

O nily of use if participants
hawe a tax appetite far
passive Incomss offsets

S5PE passes depreciation
bernefits throwgh o the
participants, subject to
passive activity rules

SPE may qualify and use
rebates imcentves ta by
dioww e e project Costs or
pass thnowgh to partici-
Ppants

= RELCs sold on am on-goimg

basis

= Retained for nom-pnofit
= Praject domors can deduct

thee domation om their axes

= NMon-profits are mot aligible

for federal tax credins

= Mot wseful to non-profits

= NMonpnofit may quealrfy amd

use rebatesimcentives to
bumy diown the project costs

Source: http://www.nrel.gov/docs/fy11osti/49930.pdf Published November 2010
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http://www.nrel.gov/docs/fy11osti/49930.pdf

Federal Tax Credit

* 30% Personal Tax Credit for solar photovoltaic
systems placed in service after 2008

— For residential systems
— Expires 12/31/2016

* 30% Investment Tax Credit for solar
photovoltaic and solar thermal systems

— For non-residential

— Expires 12/31/2016
http://www.dsireusa.org/incentives/index.cfm?state=us
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http://www.dsireusa.org/incentives/index.cfm?state=us

Solar in Michigan

Wind
1,119 MW
93.83%
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Small-Scale Solar Prices vs. Utility
Scale Renewable Prices
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Environmental Law & Policy Center
2011 Solar/Wind Supply Chain Report

e 121 solar power supply chain
businesses

* 120 wind power supply chain
businesses

* Old line manufacturing
companies are re-tooling to
make renewable energy

A S : A%
The Solar and Wind Energy
Supply Chain in Michigan

Goed for Manufacturing Jobs » Good for Economic Growth
Good for Our Ervircnment

equipment for growing markets

3PS C

MICHIGAN PUBLIC SERVICE COMMISSION




Efficiency (%)

50

48

44

40

(%]
(&3]

Cad
[ )

I~
[wa)

e
=

20

Best Research-Cell Efficiencies

. NREL

MATONAL RERTAELE FHETRY LARORATD S

Multijunction Concentratars
¥ Three-junction (2-terminal, monolithic)
A Tworjunction (Z-lerminal, menalithic)

Thin-Film Technologies
@ Cu{ln,Ga)Se;
o CdTe

Single-Junction GaAs © Amarphous SitH (stabilized)
—  ASingle crystal # Nanc-, micro-, poly-5i
A Corcnlizior O Multijunction polycrystalling
L W Thinfim crystal Emerging PV
Crvstalline Si Calls 0 Dye-sensitized cells
lr:‘éingle crystal @ Organic cells (various typas)
—  OWulticrystaline A Organic tandem cells
® Thick Si fim anﬂrganic calls
| e Silicon Heterostructures (HIT) © Quantum dot cells
Varian
\.?nnan [}
- {205y
Stanford _é%_ _MREL
B e farian
— TJ\Wabsn e -
Research Center) .~ ————— -
Ammm==m

~ Specrolay | Fraunhofer ISE Bosing- JLlSr:]sltE?;n
{metararphic, 29%¢) | (metamaehic, 454..] Seactralab (latice meched,
(latiice: matchsd, 218
\ 364x) Spire
. N Sem Umdumr |
Boeing-Spectmlab  Boeing-Spacirolab™ metamnrphnh
{metamorphiz, ' 79 -... \\ N L 43.5% |

_ {metamonphic, 240x;

NREL TN
{inverted, metamorphic) -..

(6]
N\

MREL [imverted,

NREL--:?_}., e metamomphiz,
Boeing- Ay Heeing- 32574 Shap
Specm?ah‘f_" Soectrolak (N, 1-5un)
"/ NREL {ivered, 4

u Spectrolab metamarphic, 18] _ o ==

Japan  Specliolab Flrﬁi’lSE

NREL  Energy J ESUP N
SunPower [4.0011?,1£Jn;| oy \\ FhGHISE AA Devices

. gy O\ '.

i '55 Devloss
UNSw UNSWE Cu{l?lga}]Seg
LN | ¥
LUNSW __\S'an yo -

Geurgm Eurnsolzre

— , Gegrgia GEC'TEIB Tech
Sandia .
National *'etng Teh T e Firs: Soler
- T 4 NREL
L o e Unfversity «{Ve ’0 v Shar
. Ma. Canolina 50. Floridar=- —= AsloPower oe) ™ Stuttgart D’larq&aea .
Mkl State Uniwv. I ARCO Bosing ’ MREL (zmalarea) [45 i thin- NREL U'I_|I!S‘d .SC"a.r
Solar ) Kodak Solarsx e, i . ~ NRELEUW‘C|5 Urited Solar ‘}" film traresfer)  (CdTRCIS) {zbi rcg.'nc&}
- Boging .. ~ ...~ Boging 7o BM ool
k Phnlnﬂ Energy { o - 0O : CTESSe iT285:)
Matsushita S 7 7 ¥ Unied Sharp oy
— Kodak  Boeing ARCO g S-Enaiar EPFLEY” E7FL {2 um Salar NREL/Konarka  Solarmer—=—=" _' y-h
an nless) Uni. Linz * o Heli'atekucm
\ . T
== “University EFFL Groringen ek leﬂr%
L of Mair o . (/%bsmk
Uniwersity Linz \ Uity NREL
University Semens D
ea L|nz resden (ZnCPLS-AD)
] I T A N [ TN N YT [ T S T M AN I I N 1l 1 0
| A
1975 1980 1985 1990 1995 2000 2005 2010 e ST



5100 1976 $£60.00

Solar Industry Growth has Produced s ™

Steadily Falling Prices :
. % $1.50
$?i . E $1

100 1.000 10,000
Produced Silicon PV Modules (Global)

o $5
§ Due to Silicon Shortage
e
4
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1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Module Pricing Trends 1985-2011

Sources: 1976 -1985 data from IPCC, Final Plenary, Special Report Renewable Energy Sources (SRREM), May 2011; 1985-2010 data from Paula Mints, Principal Analyst, Solar Sarvices Program, Navigant;
2011 numbers based on current market data

Retrieved on 02/13/2013 from: http://thinkprogress.org/climate/2011/11/07/362705/krugman-solar-power/?mobile=nc
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http://thinkprogress.org/climate/2011/11/07/362705/krugman-solar-power/?mobile=nc
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Learning Curve Cost Reductions
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SunNnShot

 The DOE SunShot Initiative is a collaborative national
initiative to make solar energy technologies cost-
competitive with other forms of energy by reducing
the cost of solar energy systems by about 75% before

http://www1.eere.energy.gov/solar/sunshot/
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http://www1.eere.energy.gov/solar/sunshot/

Dow Powerhouse Solar Shingles
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United Solar Ovanics Bankruptcy

“Auburn Hills, Mich.-based Energy
Conversion Devices (ECD), a provider of
flexible solar laminates and systems for the
building-integrated and commercial
rooftop market, has filed for Chapter 11
bankruptcy protection in a Michigan
court.”

Solar Industry; February 14, 2012; http.//www.solarindustrymag.com/e107 plugins/content/content.php?content.9703
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http://www.solarindustrymag.com/e107_plugins/content/content.php?content.9703

Hemlock Semiconductor
Corporation

“Hemlock Semiconductor Group said on
Monday it will lay off about 400 workers
in Tennessee and Michigan due to a
global glut of polysilicon and the threat
of tariffs on its products sold in China.”

Ruters; January 14, 2013; http.//www.reuters.com/article/2013/01/14/us-hemlock-jobs-idUSBRE90D10A20130114
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http://www.reuters.com/article/2013/01/14/us-hemlock-jobs-idUSBRE90D10A20130114
http://www.reuters.com/article/2013/01/14/us-hemlock-jobs-idUSBRE90D10A20130114
http://www.reuters.com/article/2013/01/14/us-hemlock-jobs-idUSBRE90D10A20130114
http://www.reuters.com/article/2013/01/14/us-hemlock-jobs-idUSBRE90D10A20130114
http://www.reuters.com/article/2013/01/14/us-hemlock-jobs-idUSBRE90D10A20130114
http://www.reuters.com/article/2013/01/14/us-hemlock-jobs-idUSBRE90D10A20130114
http://www.reuters.com/article/2013/01/14/us-hemlock-jobs-idUSBRE90D10A20130114

Solyndra Bankruptcy

“Solyndra LLC, which makes specialized
cylindrical solar systems for commercial
rooftops Wednesday announced in a
statement that it was suspending
operations because of unfavorable global
economic and solar industry market
conditions.”

CBS SF; August 31, 2011;
http://sanfrancisco.cbslocal.com/2011/08/31/fremont-based-solyndra-shuts-down-operations-1100-laid-off/
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Ford Best Buy Program

Focus Electric Charging Station Sales

* Ford is working with Best Buy to offer Ford Focus electric charging station
sales, installation and technical support.

e Best Buy intends to sell the charging station, and offer complete
consultation and installation services through its Geek Squad tech support
services unit

* Ford’s on-board 6.6-kilowatt charger allows for full charge at home with the
240-volt outlet in three to four hours

* http://www.media.fordvehicles.com/article display.cfm?article id=33772
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