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Presentation Outline

Brief Overview of Solar Potential of |

Solar Energy Tompkins County S

2 useful tools for home/business owners

Focus on Solar potential
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TWO TYPES OF SOLAR ENERGY SYSTEMS

Photovoltaic (PV) Solar Thermal
Converts sunlight directly into Thermal energy from the sun is used
electricity to heat a fluid
Simple, no moving parts Most common use is hot water
heating

Pv Modules Solar Thermal - Domestic Hot Water System
Power Gnd
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PV system mounting

Roof mounted Ground mounted
Less expensive More expensive due to large foundations
LeSS Obtrusive and Wiring to house

Easier to scrape off snow
Can adjust tilt angle seasonally




Tompkins County PV Leader

Leading PV Counties of New York . Leading PV Counties of New York

I County No. of Systems I County Population Systems !oer 10,000
Residents
| Dutchess 379 F8 columbia 63,096 36.8
A Ulster 376 P2 Tompkins 101,564 20.8
Westchester 352 . Ulster 182,493 20.6
‘N Erie 315 Dutchess 297,488 12.7
| Columbia 232 Albany 304,204 7.6
3] Aiany 232 ) Westchester 949,113 3.7

Tompkins 211 Erie 919,040 3.4




ompkins County Solar Performance

NREL’s In My Backyard (IMBY) tool:
http://www.nrel.gov/eis/imby/

n My Backyard {IMBY) - Mational Renewable Energy Laboratory - Windows Internet Explorer

Solar Electricity Estimator

To estimate the solar electricity you can produce,
follow the steps below.

Step 1. Draw your system.

Use the zoom tool on the left of the map, if
needed. Click the Draw button, and draw
your solar array on the map. Click to add new
pointz. Double-click to stop drawing.

=3

If you make a miztake, click the Clear Map
button at the top of the map to start over.

Step 2. Adjust the inputs.

Based on the size and location of your
system IMBY suggests these inputs. Ta
change these values, enter your information
in the fields below. Help

Size (kW) 2,95
o Derating: 0.77
Tilt angle (%): 42

Azimuth angle () 180
Data year: Average E

Step 3. Estimate your production.
(&d Additional Options

(Run

2012 Whp dabs E2012 - Te ; i - = ZI
|Dane [ @[ | |&nternet voov [ ®ma0n v 4




,f_:* In My Backyard {IMBY) - National Renewable Energy Laboratory - Windows Internet Explorer

I& htkp: /fmercator. nrel, govimbe) @

W[ PV Generation Profile l

Payback System Qutputs

The form below shows the values used to estimate
the payback faor this system, help

This tables shows the amount of slectricty (kWh)

amount that those values translate into.

Size (kW): 2.95
Manth Qutput (kKWWh) Value* (S)
Rebates (5): 0
January 269 36.5
Tax Credits () 7248.66 February 199 27
Cost/W (8): 8.19 March 277 3759
Initial Cost (£): | 24162 | April 360 43.85
After Incentives | 16914 | May 357 4845
(s June 331 4482
Payback (years): |38 | July 338 4587
August 326 44 724
September 345 48.82
1 October 171 23.21
Nowvember 188 2253
! System Inputs
i December 120 16.28
« Modify the inputs below to run another simulation Annual 2259 442 26
% Size A H 2.95 *Value based on 2 electric rate of $0.14/kWh
" Derating: 0.77 Electric Rate
= Tilt angle (=) 42 Electric Rate 0.14
I sfkwh:
| Azimuth angle (=) 180
" Data year: Average E To save these results, chooss the Export Results

k-

butten at the bottom right corner of this window,

[Re<un smuston |

|http simercator, nrel,gowfimbey f#

generatzd by this system each month, and the dollar

=101 x|

Mow compare your estimated solar electricity
production with your electricity consumption.

Step 1. Select a load profile.

‘fou may select a sample profile or upload
your own custom load profile.

(A} Use a sample load profile.

Choose a dty from the drop-down box
below.

Select... E

Sample Profile:

or

(B) Upload a load profile.
Click the Upload File button below. Then
browse to locate your load profile

document.
For help dick here

Step 2. Run load profile

I_I_l_@l_l_|® Internet |“;5] i |'§;1DD% "

Abouti,iOO kWh of electricity per installed kW per year




Solar Potential: Commercial

Building footprint data
120 ft2 of roof area per kW
Total electricity potential: 95 million kWh, 27% of sector demand in 2008

o Capacity Potential Annual Energy
Buildin Area (ft?
. (kW) Potential (kWh)

Ithaca Mall 575,559 4,796 5,275,954
Cayuga Mall 211,315 1,761 1,937,051
Home Depot 198,220 1,652 1,817,013
m Lowe's 188,861 1,574 1,731,224
Triphammer Mall 173,081 1,442 1,586,576

B waimart 156,883 1,307 1,438,095
Tops Plaza 124,966 1,041 1,145,519
I wegman's 122,195 1,018 1,120,122
] East Hill Plaza 117,451 979 1,076,633
*Big K-Mart 112,934 941 1,035,228
I Totat: 1,981,463 16,512 18,163,414




Solar Potential: Industrial

Same process as commercial
Total electricity potential: 24 million kWh, 17% of sector demand in 2008

o Capacity Potential Annual Energy
Buildin Area (ft2
. (kW) Potential (kWh)

Borg Warner 552,395 4,603 5,275,954
*Morse Chain/Emerson Power Transmission Site 278,409 2,320 1,937,051
Borg Warner 227,005 1,892 1,817,013

m Vanguard Printing 176,082 1,467 1,731,224
South Hill Business Campus 136,574 1,138 1,586,576
m *Morse Chain/Emerson Power Transmission Site 106,979 891 1,438,095
Cargill Deicing Technology 87,079 726 1,145,519
m TransAct Technologies 75,239 627 1,120,122
m Therm Incorporated 73,091 609 1,076,633
Cargill De-icing Technology 63,659 530 1,035,228

I Total: 1,776,511 14,804 16,284,682




Solar Potential: Schools

» More difficult to estimate: odd roofs and contours




Solar Potential: Schools

Similar to commercial/industrial
Used aerial images to estimate roof percentage available for PV arrays
Total electricity potential: 44 million kWh, 13% of sector demand in 2008

.mn Percent of Roof Net Capacity Net Electricity
o Area (ft2 Available Potential (kW) | Potential (KWh

Ithaca High School 222,484 70% 1,298 1,427,608
Dryden High School 179,743 50% 749 823,824

<f TC3 157,088 70% 916 1,007,982
Cornell Vet School 138,050 50% 75 632,728
gss(r)lsls O. Dickerson High 6211 con o T
m Groton Elementary School 96,574 90% 724 796,736
Duffield Hall (Cornell) 94,771 20% 158 173,746
m Barton Hall (Cornell) 91,762 50% 382 420,577
m Bartels Field House (Cornell) 90,568 90% 679 747,184
Boynton Middle School 89,901 60% 450 494,455

T Total 1,212,337 6,706 7,377,053




PV Electricity Potential {(million k'wh)
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Solar Potential: Residential

Very difficult to estimate

Assume:
80% of households in Tompkins County have potential for PV systems
All rural homes have potential for PV systems

TC Households 80% Scenario

16,441 8,648

22,526 22,526

38,967 31,174




Solar Potential: Residential

Assume:

Urban homes have potential for a 3 kW system
Rural homes have potential for a 7 kW system

8,648 22526
Avg system size (kW) 3 7
Total Installed Capacity (MW) 26 158
Energy potential (kWh) 28 million 171 million
Total Potential Energy (kWh) 202 million

% of Total Demand 69%




Total Solar Potential

Ultimate Photovoltaic Potential by Sector

Capacity Potential Energy Potential Percent of Electricity
(MW) (million kWh) Demand
Commercial 86 95 27%
Industrial 22 24 17%
Schools 40 44 13%
Residential 184 202 69%

Total 332 365 47%




PV Economics
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NPD Solarbuzz Retail Module Price Index
Dec 2001-Feb 2012

| rvit@d States (5)
Europe (£)

INEN

Source: MPD Saolarbuzz
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» Average Module price: $2.29/W

Average System Prices
~Residential: $6.18/W
»Commercial/Industrial: $4.92




PV Economics

4 kW Residential System

NYSERDA NYS Tax . Total
Gross Cost . . Fed Tax Credit . Net Cost
Incentive Credit Incentives

$24,000 -$6,000 -$4,500 -$5,400 -$15,900 $8,100
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FINANCIAL ASSUMPTIONS

Clean Power Estimator

GEHERAL ASSUMPTIONS

City, State fthaca HY Electric Bill @ [ #100 per month =1
Liilit Mew York State Bectric and Gas (MY SEG P
¥ o @ Bestric and Has ( 9 Blectric Bill Escalation (8 [1.5% per pear =
Rate Met hetared Residential Service-Uliest Payrnent Method L'j\'|TaH—[:'en:luctil:-le Loan ;I
Reqion (Service Class 1-Wlest P
g n\': Loan Rate @z =1
i & - P
Techrnolagies \E TF"u" only _l Loan Life @ | 30 pears ;I
PV SYSTEM Dowm Paymnent @ | 03 ;I
Size @ [ 4.0 kvede =1
Cost gz4.000 (@ | [Use default cost] =1
Titt @ | 300 ;I TAX CONSIDERATIONS
Oriertation @ [ south = Tax Status @ | arried Filing Jaintly =1
PV Output Sdjustroert @ | 0 ;I Taxzble Income k‘_?l | 320,000 par pezr ;I
0 and M Cost @ | 30 per year ;I
\
Plage cursor ower thd 2l symbols for help
System Summary
Met systern cost sfter all incentives: 43,360
P systern electricity production: 4,304 kwhiwear
Electricity production supplied by system: 4:9%
Carbon dioxide emission reduction: 3905 |b= per yasr
Internal rate of return: S04
Met presert value: -FEES
‘Years to payback: 19.3
SELECT HET COST MONTHL Y DAILY P DALY MONTHLY
TEAR 1 ELECTRIC EILL FRODUCTION ELECTRICITY USE Fx QUTEUT
HET CASH Cukd HET CUk DISC HET CASH FOLLUTION
EL Oy CASH FLOW CASH FLOW ELOWY DETAIL EREWENTION
MNet Cost Detail - Year 1
000 Systern Cost 24,000
o Incertives
525,000 NYSERDA P EFBB (Res) go oo
520,000 Feb. 2012 100% OF '
Federal P Tax Credit 35 400
§15,000 1 (Res :
MY P Tax Credit 4,500
10,000 le== Total Incentives F15.900
Increazed
&5 000 Federal Taxes
NY P Tax Credit 1,260
20 plus Total Federal Tax
= Savings Costs R 1,260
HET CO5T
Increased Federal Taxss Federal Tax Credit FOR YE&R 4 0,360

Il Cosibefore Incentives
I State Tax Credit

I Sysiem Buydown

FIHAHCIAL ASSUMPTIONS
Electric Eill (@) | #100 per manth
Electric Bill Escalation 'j‘l 1.5% per year
Payrnert Method

L Ll e

5] | Tan-Ceductible Loan

Loan Rate (F) Pay Cash
Mew Home Loan
Loan Life lj] Refinance
P as-Deductible Loan
¥
Down Fayment & Mon Tax-Deductible Loan
Leaze
Pawer Purchase Agreement [PPA)
TAX CONSIDERATIONS
Tax Status @ | Married Filing Jointly =

Taxable Incorme (7 | Single

hdzrried Filing Separataly
Hezad of Household

NYSERDA Clean
Power Estimator




System Summary

Met systern cost after all incentives: 39,360
P systern electricity production: 4,204 kWwhiyvear
Electricity production supplied by systern: 49%;
Carbon dioxide emi=s=zion reduction: 3,906 lb=s per year
Internal rate of return: 5040
Het prezent walue: -FEES
Years to payback: 19.2
SELECT. MET COST FACMTHL Y DALY PYW DAL MOMNTHL %
YEAR 1 ELECTRIC BILL PREOOUCTION ELECTRICITY USE B OUTPUT
MET CASH CUM MET CUM OISC MET CASH FOLLUTIOHN
EL Ot CASH FLOWS CASH FLOMWY EL Oy OETAIL FREYEMTIOHN
MNet Cost Detail - Year 1
530,000 Systern Cost $24,000
_ Incertives
e NYSERDA P EPRB (Res) g0 oo
Feb. 2012y 100% OF '
320,000 Federal P Tax Credt
T4 400
515,000 - [(Fes.]
HY P Tax Credit 4,500
LT i i — lezz Total Incentives F15,900
Inzreased
&2 Bt Federal Taxes
HY P Tax Credit 1,260
50 Savings e Ti.ﬁ.;f:l Federal Tax $1.260
MET COST
I Increased Federal Taxes Federal Tax Credit FOR YE&LR 1 380

Il Cos) before lmcentives I Syslem Buy down
B State Tax Credit




System Summary

Met systern cost after all incentives: $3,360
P systemn electricity production: 4 304 kwhivear
Electricity production supplied by systern: 4984
Carbon dioxide ermission reduction: 3,906 |bs per wear
Irternal rate of return: 204
Het prezent value: -$EES
‘Years to payback: 193
SELECT.. HET COST MOMNTHLY DALY P DALY MOMTHL
TEAR 1 ELECTRIC EILL PROOUCTION ELECTRICITY USE P OUTPUT
HET CASH CUk HET CUk DISC MET CASH POLLUTIOHN
FL O CASH FLOW CASH FLOW FLOW DETAIL FREENTION
Monthly Electric Bill
520 Without Pyl with P Eill
systemn =ystem Savings
AT 1 I— January 101 4 27
February 2z E 2 X
T zapd March e 54 F42
g gl a3 F44 F40
' — May 333 4 %51
= June $103 31 T
E i July ¥z 54 Fh2
: gqust $108 657 51
5204 Septernber F105 ke 42
October Fas 61 a7
Howember a5 k| 24
0= an. Mo May g Oet  Dec December F100 31 F14
TOTAL 1,200 F4 a6

Electric Bill Savings M Eleciric Bill with PV syslem

This PV systerm will reduce your annual electric bill
by 40%a




Conclusion

PV Electricity potential over 300 million kWh
Almost half of county’s electricity demand

Economics of solar improving
2 very useful tools for home/business owners:

NREL's IMBY
NYSERDA'’s Clean Power Estimator




Appendix




PV system characteristics

cell

panel/module




Standardized Testing Conditions

For each kW of installed capacity:

1000 W/m?
25 °C

Module Surface Area (ft2)

109
91
78
68
61
54




Falling module prices

Current system costs are 24% less than they were in 2005

Cost of PV System 2005 Cost of PV System 2012

B Modules B Modules
M Inverter

1 BOS

N Inverter
1 BOS
M Installation M Installation

m Other 1 Other




PV Economics

National Weighted Average System Prices, 2010 - 2011
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Individual system performance

In 2008, TC had 37,443 households using a total of 293
million kWh of electricity

This corresponds to an average household usage of 7,837 kWh
per year

Avg. Household Demand: 7,837 kWh
System Size: 2 kW, 4 kW, 6 kW,
kWh Generated: 2,171 4,341 6,512
% of Avg. Household Demand 28% 55% 83%




Average system costs

System
Size

2 kW

4 kW

6 kW

Mount
Style

Roof
Pole
Roof
Pole
Roof
Pole

Total
Cost

$18,000
$20,000
$32,000
$36,000
$42,000

$48,000

NYSERDA
Incentive

-$3,500
-$3,500
-$7,000
-$7,000
-$8,750
-$8,750

NYS Tax
Credit

-$4,500
-$5,000
-$5,000
-$5,000
-$5,000
-$5,000

Fed Tax
Credit

-$5,400
-$6,000
-$9,600
-$10,800
-$12,600
-$14,400

Total
Incentives

-$13,400
-$14,500
-$21,600
-$22,800
-$26,350
-$28,150

Final
Cost

$4,600
$5,500
$10,400
$13,200
$15,650
$19,850




Financial Incentives

NYSERDA Renewable Portfolio Standard (RPS)
Cash incentives of $1.50 per watt peak

System Size Cap
Residential: 7 kW
Commercial: 50 kW
Gov’t/non-profit: 25 kW

Customers must purchase their system from an “Eligible
Installer”

Incentives are capped based on PV systems that do not exceed
110% of the previous year’s energy consumption




Tompkins County Solar Performance
~1,100 kWh for every kW of installed capacity

0.8

kW Generated
o o o o o) ) o
| N (7] P n ()] e |

o

PV Generation Profile of a 1 kW System in Tompkins County
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Tax Opportunities

State Level

NYS offers a tax credit of 25% of the system expenditures (i.e.
after incentives have been applied) capped at $5,000

Property tax exemptions (need to inquire with TC Assessor’s
office)

Federal Level

Tax credit of 30% with no cap on the amount that may be
claimed

In contrast with NYS tax break, this is applied to total cost of
system before incentives




Tompkins County Public Library

January 2008, 147 kW PV system began operating on the roof
of the TCPL

System consists of 1430 modules and covers an area of
17,222 ft2

To date, the system has generated 989,000 kWh of energy,
enough energy to power 83 (126) homes for a year

Reduced CO, emissions by over 750 tons




Tompkins County Solar Resource

Photovoltaic Solar Resource : United States and Germany

kWh/m2/Year
\é’ & d:’ ..;P \;P

Wwwmmwaw:mmmwxumm#am local latitud

dernved from a 40-km satelite and surface cloud cover database for the penod 1985-1981 (NREL, 2003) The data for Gemrmany were
Joint Research Centre of the European Commission and is the yearly sum of giobal imadation on an mwmmebrmperhd19&1 -1990

Thes g was prosuces by

e Katona Renewabls £ Labor atory
1,000 Miles e me U5 DTH:E"'I:P- =2t %.{m-

Germany: 17,320 MW installed PV capacity
US: 3,954 MW installed PV capacity




Encouraging Trends

U.S. SOLAR 2011 YEAR-IN-REVIEW

2011 annual growth rate of PV installations: Number of PV projects over 10 MWdc complated:

2109% & = s

Number of states installing over 50 MW:

2009; 2 states

\

Weighted average PV system price: .
ﬁﬂ umber of Residential PV Installations in 2011: 51,176

2010; 5 states 2011; 8 states

L




