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AGENDA

Overview

Technical Potential/LiDAR Analysis
Economic Analysis

Market Penetration & Adoption




OVERVIEW




DISTRIBUTED SOLAR COSTS HAVE BEEN
DECLINING NATIONALLY
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DISTRIBUTED-SCALE SOLAR POTENTIAL
APPROACH

INNOVATIONS

Technical . whatis technically
Potential practical?

Economic . what makes Site Specific

Potential  economicsense? Analysis
Achievable . what might actually Market

Potential happen? Adoption




Combined Utility and Ratepayer PV Economics
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UNDERSTAND
ECONOMICS AT THE
SITE LEVEL

e IRP Planning

e Meeting RPS and other
goals

e Distribution System
Planning

e Rate design

e Identifying economic
sites

.



TECHNICAL
POTENTIAL

GIS Analysis




PROCESS FLOW - GIS ANALYSIS

Rooftop
GIS kWp

LIDAR
Data

Orientation

AnalySiS and Shading

parameters

Setbacks,
cutoffs, etc.




TECHNICAL POTENTIAL APPROACH

Collect data*

¢ LiDAR data

¢ Building footprint

¢ Building parcel data

Convert LiDAR data
to Digital Elevation
Model (DEM)

|dentify Building
Type (Residential/
Commercial)

Run Area Solar
Radiation Analysis
for Shading

Determine Tilt and
Azimuth on Roof
Plane

Isolate Building
Footprint

Isolate “Good” Solar
Roof Areas

Apply Additional
Requirements to
Determine Buildable
Space

Convert remaining
roof area to capacity
(Wdc)




STEP 1: ISOLATE BUILDING FOOTPRINT
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Identify roof planes and tilt and azimuth of each
roof plane and translate to solar resource

.



STEP 2: FILTER FOR SOLAR RESOURCE METRIC
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-
Most of the selected roofs are oriented southward
or were flat roofs with minimal shading

.



STEP 3: LOCATE MINIMUM CONTIGUOUS
AREA )

TECHNICAL POTENTIAL
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Filter for minimum contiguous area of 100
square feet




STEP 4: GEOMETRIC CONSTRAINT

TECHNICAL POTENTIAL
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Edges must be at minimum 4 feet in length



TECHNICAL POTENTIAL BASED ON
CURRENT BUILDING STOCK

Other factors that which influence long-term
potential that could be considered:

* New construction

* Modifications to the existing building stock

* Growth/removal of trees and other shading sources

* Improvements in solar panel efficiency

* Changes in permitting/zoning requirements and restrictions

* Innovations in mounting structures, such as lower cost solar

carports
.




ECONOMIC
POTENTIAL




PROCESS FLOW - DG ECONOMIC ENGINE

Rooftop
We

Orientation

and Shading
parameters SAM /SDK Economic
Energy EISE Metrics

Modeling
Assumptions

Load and

Economic
Assumptions

.



ECONOMIC POTENTIAL USED NREL'’S
SYSTEM ADVISOR MODEL TO CALCULATE
ECONOMIC METRIC

Array Customer Load Economic
Characteristics Assumptions

Customer rates Tax incentives

Size

Tilt/Azimuth

Local incentives
Capital Cost

System
Advisor Model

Shading

Technology Characteristics

Payback, LCOE, NPV
Multiple drivers in determining payback

.



THE POWER OF CLOUD COMPUTING

e Roughly 4 hours to run
4 scenarios
160,000 sites
Made up of 225,000 mounting planes
=» 640,000 SAM runs
75 cloud instances

~2,600 SAM runs per minute

Compare this to 32 days without cloud
computing!

.



DEFINING WHAT IS ECONOMIC

e Economic Cutoff e Other Considerations

Payback versus Project Multi-family dwellings

life (<20 years) Tenant-occupied

LCOE versus utility rates buildings

NPV of >=0 Site specific exclusions —
based on available data
Other
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EXAMPLE: RESIDENTIAL PAYBACK
DISTRIBUTION

Example: Residential

MW dc by Payback Bin

0 5 10 15 20
Payback Years

Incentives, cost assumptions and rate class are
crucial assumptions.

n



ACHIEVABLE
POTENTIAL




PROCESS FLOW — ACHIEVABLE POTENTIAL

Economic Max Market Achlevable
Penetration Adoptlon > Potentlal

e Two Step Process for Achievable Potential

Maximum Market Potential: Given certain payback
distributions, what is the total market size that could

potentially adopt

Annual Adoption: Adoption of solar over time




MAXIMUM MARKET PENETRATION CURVES
BASED ON SURVEY RESULTS OF CUSTOMERS

100%
Residential (NREL, 2014)

80%
c ——Commercial (RW Beck, 2009)
o
S 60% 65%
e
[J]
o
T 40%
o
=

20% 0%

% —r—r—T—7"TTTTTT T T T
0 5 10 15 20 25 30

Payback Years




ALTERNATIVE MARKET PENETRATION
CURVES

NREL 2104 Bill Saving Survey
for Residential Only

100% -+
80% -
60% -

40% - 40%

20% - 20%

O% I I I I I ]
0 20 40 60 80 100

Percent Monthly Bill Savings

Percent Market Penetration

Grid Parity is not the Holy Grail



MAXIMUM MARKET PENETRATION CURVE
APPLIED TO PAYBACK DISTRIBUTION

Maximum Market Example: Residential
100% Penetration Curve
Residential

80% (NREL, 2014) c
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ILLUSTRATIVE MAXIMUM MARKET
PENETRATION CURVE APPLIED TO PAYBACK

DISTRIBUTION

Example: Residential 100 MW Economic Potential at 5 year payback

X
65% market penetration at 5 year payback

£
o -
5
8 65 MW maximum market potential at 5 year payback
g
Y
5
3
=
0 5 10 15 20

Payback Years

Multiply market penetration percentage by
payback bin to calculate potential

H




RESULTING MAXIMUM MARKET POTENTIAL

Example: Residential Cumulative
Potential
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TECHNOLOGY ADOPTION CURVE
CONSTRAINED APPROACH

Bass Diffusion Technology Adoption Curve

100% -
Saturation
80% - Payback <=10 years
S
§- 60% - Follow
< Payback >10 years
2 40% -
T
=
20%
O%_ IIIIVII|||||||||||||||||||||||||||||
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Year

Current penetration in a market would establish
where along the adoption curve it is

=




TECHNOLOGY ADOPTION CURVE ANNUAL
ADOPTION RESULTS

Annual Adoption Cumulative Adoption

Annual Adoption (MWdc)
Cumulative Adoption (MWdc)
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Adoption peaks in 5 years, then slows as the
market becomes saturated




GIS Adoption Analysis

Process by “Site”

1. Assign Market
Penetration %

Based on Agg.
Customer Type

2. Assign
Demographic
Factor

3. Assign Diffusion
Factor (Develop
Heat Map)

4. Probability of
Adoption

Market Penetration

100%
80%
60%
40%
20%

Max Market
Penetration Curve

Residential (NREL,
2014)

Commercial (RW
Beck, 2009)
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Etc....
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GIS Adoption Analysis

Process by “Site”

3. Assign Diffusion
Factor (Heat Map)

4. Probability of
Adoption

YR,

5. Random Draw
Simulation of
Adoption for Yr,

6. “Install”
selected PV
projects
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40%

_—

20%

/
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100% -

Random draw

based on
probability of
selection, capped
by Yr, Aggregated
Adoption Level

Market Adoption
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SUMMARY CONCLUSIONS & TAKE-AWAYS

e “Economic” projects do not necessarily translate to
adoption, as each customer’s decision to adopt may
be different

e Incentives, cost assumptions and in some cases rate
class significantly impact results.

e Maximum Market and Adoption Curves can be
specific to client/territory




WHAT NEXT?




Solar Potential (kW)

Loti® Rooftop And Parking Lot

Payback Analysis Model Results

Road Aegial | Labels "B |

Payback =
{Years) <5 5-10 10-15 15-20 =2

- ™ I ) - " .‘:"“.i T - 1 7
SRS BN T R
Ch el g A, - —~ S -
ol 1 " e 5 0 S
i o) et
& g LR
X : '
b e,
L% A oy,
di ' P = ‘
k % ity T e, 4= A
" 1 it 1 Pl | !
A Ty 3 - ; ’
_ - - g O % + g T oy




Solar Capital Cost ($/kW) Solar Potential (kW)

. - X
A% AL
Payback (=)

{Years) <h 510 1015 15-20 =




Solar Potential (kW)

Loti® Rooftop And Parking Lot

Payback Analysis Model Results
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Solar Capital Cost ($/kW) Solar Potential (kW)

Loti® Rooftop And Parking Lot

Payback Analysis Model Results
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Solar Capital Cost ($/kW) Solar Potential (kW)

Loti® Rooftop And Parking Lot

Payback Analysis Model Results
Road  Aerial | Labels
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Solar Capital Cost ($/kW) Solar Potential (kW)

Loti® Rooftop And Parking Lot

Payback Analysis Model Results
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Solar Capital Cost ($/kW) Solar Potential (kW)

Lokl ' Rooftop And Parking Lot

Payback Analysis Model Results

Road  Aefial | Labels

. - AV iy A Ve N ; f {Yaars) <5 590 10-15 15-20 =2

[—3
3 o 3 I|
2 :
e gl S ; ) a5 1 J
" I T g ey
. i ) i
= .
- ¥ = g B} =m
ﬁ |




Solar Potential (kW)

*) Rooftop! | Parking Lot
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Model Results:

Solar Potential, kW:

Cost, $/Wdc:

Annual Building Load, kWh:
Annual Solar Energy, kWh: 118,000
Capacity Factor, %: 17
Electricity Cost Without System, $/yr: 21,000
Electricity Cost With System, $/yr: 1,000
Net Savings With System, $/yr: 20,000
Net Present Value, $: 57,000
Payback, years 8
Levelized Cost of Solar, ¢/kWh: 10

80
3.5
109,000

Booftop And Parking Lot
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Overland Park, KS




Parcels
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Potential Annual Ratepayer Solar Savings




Distribution System




Annual PV Benefit (Cost) to Utility Distribution System




Combined Utility and Ratepayer PV Economics




Black & Veatch 7 July 2015

FINAL CONCLUSIONS

e Lots of site specific data

e Can be utilized in multiple, powerful ways




Together
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